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ABSTRACT 
The Purple Vein (Meikle Mine) and Post/Betze ore bodies are two Carlin-type, 
sediment-hosted, disseminated gold deposits. They display important differences in 
size, alteration, silicification, pyritization, and gold grade. A core hole was examined 
from each deposit to gather petrographic and microthermometric data to determine the 
mineral paragenesis, to determine fluid pressure, temperature, and composition to 
compare the two ore bodies, and to determine depths of formation. 
The paragenesis of each deposit is divided into three stages. The intervening 
period of time between these stages is unknown. The Early Mineralization Stage is 
primarily comprised of quartz and pyrobitumen in the Purple Vein deposit and calcite in 
the Post/Betze deposit. A substage of the Early Mineralization Stage present in the 
Purple Vein deposit consists of barite, sphalerite, sulfosalts, quartz, and pyrite. 
Salinities of the early fluids in both deposits are 11 to 20 wt% NaCl equivalent. The 
Gold Ore Stage contains primarily quartz, pyrite, marcasite, and gold. Secondary ion 
microprobe analyses determined that the gold is intergrown with arsenian pyrite and 
marcasite that rim previously formed gold-free or gold-poor pyrite. Other minerals in 
the Gold Ore Stage in the Post/Betze deposit include arsenopyrite, stibnite, micas, and 
clays. A Late Gold Ore Stage in the Purple Vein deposit is represented by calcite, barite, 
quartz, pyrite, marcasite, and stibnite. Gold Ore Stage aqueous fluid inclusions in 
quartz have salinities of~ 10 wt.% NaCl equivalent. Inclusions have minimum trapping 
temperature modes of 200° to 225°C in the Purple Vein and 150° to 180°C and 200° to 
210°C in the Post/Betze deposit. Dominantly aqueous inclusions containing minor C02 
are indicated by the presence of C~ clathrate and the melting of solid C02 at -56.6°C. 
Some C02-rich fluid inclusions were identified and exhibit C~ homogenization to C~ 
Ill 
liquid at temperatures of 19.5° to 25.4°C in the Purple Vein deposit and 10.6° to zooc in 
the Post/Betze deposit. The Post~Orc: Stage in both deposits contains minor oxides and 
minerals representative of low pressure/low temperature conditions. 
Comparison of the salinities, temperatures, and compositions of the mineralizing 
fluids indicates only slight variations between the two deposits. The fluid inclusion data 
suggest that the Gold Ore Stage minerals precipitated from an H20-C02 fluid which 
transported gold, decarbonatized the sediments, and effervesced minor C02, probably 
under reduced pressure conditions. The presence of another fluid is suggested by the 
microthermometric data, but whether this fluid mixed with the HzO-CO:z fluid or was 
present at a later time cannot be determined unequivocally. Phase equilibria constraints 
for the HzO-COz system indicate minimum pressures of 750 bars and 800 bars for ore 
deposition of the Post/Betze and Purple Vein deposits and suggest that the ore bodies 
were formed at minimum depths of 2.8 kilometers and 3.0 kilometers, respectively, 
assuming lithostatic pressure conditions. 
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CHAPTER 1 
INTRODUCTION 
Carlin-type deposits on the Carlin trend 
Twenty-one Carlin-type deposits, located near Elko in nonh-central Nevada, 
contain reserves of more than 70 million ounces of gold and define the Carlin trend 
(Harvey, 1990) (Figure 1.1). The trend is approximately sixty kilometers long and 
eight kilometers wide and extends southeast from the Dee mine to the Rain mine. 
Carlin-type deposits along the Carlin trend produced in excess of 3 million troy ounces 
of gold in 1992 making Nevada the number one gold producer in the United States and a 
leading gold producer in the world (Bonham, 1993 ). 
Carlin-type gold deposits in nonh-central Nevada share similar gross 
characteristics. The majority of the deposits are hosted by thin- to thick-bedded silty to 
sandy carbonates with minor massive limestone units. Paragenetically, they are similar 
and contain an early base-metal assemblage, an arsenic-rich pyritic ore-stage, and a late 
stage containing oxide and sulfate minerals (Arehart eta!., 1993a). Altemtion associated 
with gold minemlization typically comprises decarbonization, silicification, and 
argillization (Osterberg, 1990; Arehart eta!., 1993b). Chamcteristic trace element suites 
contain arsenic, antimony, thallium, and mercury and may contain tungsten, 
molybdenum, tin, fluorine, and barium (Berger and Bagby, 1990). 
Theories on the origin of what would be termed Carlin-type deposits were 
originally developed by Lindgren (1913). He classified gold-bearingjasperoids as a 
subcategory of mesothermal deposits. Joralemon (1951) noted, at the Getchell deposit 
(Figure 1.1), open-space filling textures and geochemical signatures similar to deposits 
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Figure 1.1 Location map of Carlin-type deposits in Nevada and the Carlin trend 
from the Dee Mine to the Rain Mine in north-central Nevada. 
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3 
associated with active hot springs. He concluded that the Getchell deposit formed by the 
boiling of shallow fluids and classified the deposit as epithermal. Hausen (1967) 
interpreted silicification of the Carlin deposit to be similar to silica precipitation in hot-
spring sinter deposits and noted that the trace element signatures at the Carlin deposit 
and of active hot springs at Steamboat Springs, Nevada were similar. Consequently, an 
epithermal origin for ore deposition became the predominant theory. 
More recently, observations of deep mineralization challenge the idea that Carlin-
type deposits formed at shallow depths. Geologists from Western States Mineral 
Corporation discovered high-grade, sulfide-rich mineralization by deep drilling at the 
Post deposit (Figure 1.1). The first drill hole intersected 119 meters of 0.193 oz/ton 
gold from 355 meters to 474 meters below the present surface (Bettles, 1989). 
Similarly, deep gold mineralization was found at the Deep Post, Betze, Getchell, Gold 
Quarry, and Rabbit Creek deposits (Figure 1.1) (Kuehn, 1989). Cross-section 
restoration of the Carlin trend indicated a minimum of one kilometer of rock overlying 
many of the orebodies during emplacement (Ketner, 1977). 
Recent fluid inclusion evidence from the Carlin deposit, the Jerritt Canyon 
deposit, the Getchell deposit indicates that gold precipitated under significant pressures. 
Fluid inclusions that formed synchronously with or later than gold precipitation in some 
deposits contain dense, liquid COz. Kuehn and Bodnar (1984) and Kuehn (1989) 
identified one-phase, liquid C02 inclusions at the Carlin deposit. Phase equilibria 
constraints require that these inclusions formed under pressures of 800 ± 400 bars 
indicating depths of;::: 3-4 kilometers assuming 70% lithostatic conditions. Fluid 
inclusion studies by Northrop et al. (1987) and Hofstra et al. (1988) at the Jerritt 
Canyon deposit suggest that gold may have been deposited from non-boiling fluids at 
depths of I to 3 kilometers or deeper. Bagby and Cline (1991) also reported the 
presence of three-phase inclusions containing liquid and vapor C02 and H20 at the 
Getchell deposit that indicate minimum pressures of approximately 400 bars. 
4 
The high pressures indicated by the presence of liquid C02 in fluid inclusions 
and the presence of deep mineralization are not consistent with shallow boiling and gold 
precipitation. These data, coupled with the unoxidized nature of the sulfidic ore, imply 
that ore bodies must have formed deeper than the shallow roots of epithermal systems. 
Evidence for depths of fom1ation greater than 2 kilometers for several deposits shows 
that Carlin-type deposits were formed deeper than originally believed and, at a 
minimum, border the epithermal-mesothermal boundary. 
Objectives of this Study 
The objectives of this study are to determine ore fluid temperature, composition, 
pressure, and estimated depths of formation in two Carlin-type deposits to provide 
information on the geologic conditions during gold precipitation. The results will 
constrain the formation of Carlin-type deposits and may impact exploration strategies for 
deposits of this type. 
Two Carlin-type deposits, the Purple Vein and Post/Betze deposits (Figure 1.1), 
were chosen for this research. The Post/Betze deposit was selected because it is 
representative of Carlin-type deposits and is a low-grade (average grade = 0.124 oz/ton 
gold), disseminated gold deposit with alteration consisting of decalcification, minor 
silicification, and argillization. The Purple Vein deposit was examined because it is not 
typical of Carlin-type deposits. The deposit is higher in grade (average grade= 0.613 
oz/ton gold) and exhibits extensive silicification, brecciation, and pyritization (Lauha and 
Bettles, 1993). The goal of studying two deposits with different gold grades, alteration, 
and mineral abundances is to identify similarities and differences in ore fluids in these 
systems. Differences in fluid characteristics may be related to differences in ore grade, 
alteration, and gangue mineralization. 
The study determined that similar fluids were present in the two deposits. 
Differences in mineral parageneses, salinities, temperatures, and pressures are minor. 
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Fluids from the Early Mineralization Stage of each deposit have salinities> 10 wt.%, 
but minimum trapping temperatures vary. Fluids from the Gold Ore Stages are C02-
bearing and have salinities of!'> 10 wt.% NaCl equivalent. Most homogenization 
temperatures range from 200° to 225°C in the Purple Vein deposit, but the Post/Betze 
deposit indicates two modes of homogenization temperatures of I 50° to I 80°C and 200° 
to 210°C. Modeling of fluid inclusion data indicates that the deposits formed under 
minimum pressures of 800 and 750 bars assuming lithostatic conditions for the Purple 
Vein and Post/Betze deposits, respectively. Minimum depth estimates suggest that 
mineral deposition during the Early Mineralization and Gold Ore Stages occurred at 3.0 
kilometers for the Purple Vein orebody and 2.8 kilometers for the Post/Betze orebody. 
These conditions are similar to those determined for the Carlin and Jerritt Canyon 
deposits (Figure 1.1 ). 
CHAPTER 2 
GENERAL GEOLOGY 
General Geology of the Carlin Trend 
The Carlin trend coincides with the western margin of the Precambrian craton of 
North America (Cunningham, 1985, 1988), parallels the strike of thrust faults 
associated with three orogenic events (Stewart, 1980), and aligns with a series of 
Cretaceous and Jurassic plutons (Madrid and Bagby, 1986) and lies within the western 
North American Paleozoic miogeocline. From east to west, these Early Paleozoic rocks 
consist of (1) shallow-water continental-shelf carbonate facies of limestone, dolomite, 
and minor amounts of shale and sandstone; (2) a transitional facies of shale, chert, and 
limestone; and (3) a western offshore, deep-water siliceous facies consisting of chert, 
shale, quartzite, and mafic volcanic rocks interbedded with thin calcareous units 
(Roberts, 1951; Stewart, 1980). 
The Paleozoic rocks in the Carlin trend were subsequently deformed by three 
contractional orogenic events. During the late Devonian and early Mississippian Antler 
orogeny, the western siliceous assemblage was thrust eastward forming the Roberts 
Mountain thrust and placed over the eastern carbonate assemblage (Roberts, 1949). The 
Permian Sonoma orogeny resulted in post-Antler siliciclastic and carbonate rocks being 
transported eastward over the Roberts Mountain allochthon (Silberling and Roberts, 
1962). During the Sevier orogeny in late Cretaceous time, thrust faults developed near 
the old Paleozoic shelf-slope hinge line (Armstrong, 1968). Uplift, normal faulting, and 
subsequent erosion created windows in the upper plate of the Roberts Mountain thrust 
fault exposing the carbonate rocks of the lower plate. Basin and Range Tertiary 
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extension produced recent faults and accompanied widespread volcanism (Roberts et a!, 
1958; Silberman and McKee, 1971; Stewart, 1980; Percival eta!., 1988; Berger and 
Bagby, 1990). 
Ore Controls and Mineralization in Carlin-type Deposits 
Ore Controls 
Mineralization in Carlin-type deposits is both structurally and stratigraphically 
controlled. These deposits are found in a number of different lithologies of sedimentary 
rocks. The most favorable host rocks are thinly bedded, carbonaceous, and/or 
calcareous siltstones and shales, and silty dolomites and limestones in the lower plate of 
the Roberts Mountain thrust. Early fluids dissolved part of the carbonate material 
causing an increase in rock permeability. Massive, thick-bedded, relatively pure 
limestones and dolomites are not as favorable, because they are commonly replaced 
entirely by silica. When mineralization does occur, it is along fractures as stockwork 
microveinlets (Percival eta!., 1988). 
Collapse breccias, debris flows, and fossils horizons provide avenues for 
hydrothermal fluids to move through the sedimentary rocks and subsequently produce 
mineralization. Collapse breccias, which occur in almost all Carlin trend deposits, form 
when early hydrothermal fluids remove carbonate from the sedimentary section resulting 
in volume loss and simultaneous spalling of rock into developing voids. Stacked debris 
flows, as much as 700 feet thick in the Devonian carbonate rocks in the Carlin trend, are 
especially receptive to mineralizing fluids. Silty micrite, coarser grained more impure 
carbonate sediments, and fossil fragments are most sensitive to decarbonatization that 
greatly increases permeability (Williams, 1992). 
Structural control of Carlin-type deposits is apparent at a regional scale that 
shows that Carlin-type deposits commonly have a close spatial association with high-
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angle faults. Within individual deposits, the positions of orebodies are strongly 
controlled by these faults that provided a conduit for the upward passage of 
hydrothermal fluids. Faulting also resulted in the brecciation of sedimentary rocks. 
These breccia units are favorable for fluid movement and subsequent mineralization 
(Percival eta!., 1988). 
Gold 
Direct observation of gold in Carlin-type deposits is rare, and the sites of the 
submicroscopic to microscopic gold have been difficult to locate. Nevertheless, by 
extensive searching, gold has been detected in several minerals. Hausen and Kerr 
(1968) observed gold in murual contact with quartz, dolomite, barite, illite, pyrite, and 
carbonaceous matter by using optical microscopy. Radtke et al. (1972), using an 
electron microprobe, determined that gold was associated with grains of amorphous 
carbon. Gold in arsenian pyrite was recognized by Wells and Mullens (1973) using an 
electron microprobe. Hausen and Park (1985) and Hausen et al. (1987), using a 
scanning electron microscope with backscatter electron detector, found gold in 
framboids but not in the organic material. Hausen et al. (1987) and Bakken et al. 
(1989) analyzed gold with an electron microscope and a scanning electron microscope, 
and they determined the gold is associated with illite. Particulate gold was found in the 
rims of some pyrite grains from the Carlin deposit by Bakken et al. (1989, 1991) using 
Auger electron microscopy. Pyrite from five deposits (Chinmey Creek, Gold Acres, 
Gold Quarry, Post/Betze, and Rain) (Figure 1.1) was analyzed with a secondary ion 
mass spectrometery (SIMS) by Arehart et al. (1993a). Gold was identified in arsenian 
pyrite as overgrowth rims on earlier pyrite. 
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Gangue Minerals, Trace Elements, and Organic Material 
Gangue minerals associated with gold in Carlin-type deposits include barite, 
quartz, and a characteristic sulfide mineral assemblage of pyrite, marcasite, stibnite, 
orpiment, realgar, and cinnabar. Trace amounts of base-metal sulfides, including 
sphalerite, galena, chalcopyrite, and molybdenite are commonly present. In addition, 
several rare thallium-bearing minerals have been identified in some Carlin-type deposits 
(Radtke, 1985). 
The trace element suite associated with gold in Carlin-type deposits includes 
arsenic, antimony, thallium, and mercury. Tungsten, molybdenum, tin, fluorine, and 
barium may also occur in higher amounts than in locally unaltered rocks. This suite is 
typical of Carlin-type deposits in general, but it varies in detail at each deposit (Berger 
and Bagby, 1990). 
Organic carbon, virtually ubiquitous in the non-oxide portions of Carlin-type 
deposits, was thought to have been introduced or "remobilized" during hydrothermal 
alteration (Hausen, 1967; Radtke, 1985). Studies by Kuehn (1989) of cross-cutting 
relationships at the Carlin mine indicated that the introduction of organic matter occurred 
prior to gold mineralization. He believed pyrobitumen formed when oil migrated into 
tensional fractures in argillites and hardened under locally elevated temperatures. Nash 
(1991), in a petrographic and fluid inclusion study of six Carlin-type deposits, also 
determined that hydrocarbon enrichment occurred before hydrothermal alteration and 
gold mineralization. 
Alteration 
Decarbonatization, silicification, and argillization are characteristic hydrothermal 
alteration assemblages in sediment-hosted Carlin-type deposits (Radtke, 1985; Bakken 
and Einaudi, 1986; Kuehn, 1989; Ilchik, 1990; Arehart eta!., 1993b). The intensity of 
9 
1 0 
each type of alteration varies greatly between deposits as well as within an individual 
deposit. Decarbonatization, the earliest form of alteration of carbonates, provides 
permeability and porosity and facilitates fluid transport, mineral precipitation, and silica 
replacement. Bakken (1990) determined that decarbonatization removed over half of the 
original volume of Silurian/Devonian Roberts Mountain host rocks at the Carlin deposit. 
Hydrotherrnal collapse breccias created by decarbonatization are documented at several 
deposits and are critical in localizing the ore (Bakken and Einaudi, 1986; Williams, 
1992). Silicification ranges from weak, fracture-controlled boxwork to massive 
jasperoids in some deposits, and although often associated with ore-grade material 
(Bakken and Einaudi, 1986; Hofstra et al., 1988), the silicified ores are generally 
subordinate in economic importance to sulfide ores (Bakken, 1990; Arehart et al., 
1993a). Argillization, most commonly present as clays including kaolinite, illite, and 
montmorillonite, is largely confined to faults and fractures that served as fluid conduits 
and to rocks immediately adjacent to those structures (Arehart et al., 1993a). 
Age and Timing of Ore Deposits 
Geochronological studies provided a wide range of constraints on ages of 
Carlin-type deposits; the published dates, however, are controversial. A Cretaceous age 
has been suggested for the Northumberland (84.6 ± 1.7 Ma; K/Ar) (Motter and 
Chapman, 1984) (Table 1) and the Gold Acres deposits (92.8 Ma; K/Ar) (Silberman and 
McKee, 1971) based on geological and geochronological studies, whereas, similar 
evidence suggests an Oligocene age (35.0 ± 1.1 Ma; K/Ar) at the Cortez deposit 
(Morton et al., 1977). A Cretaceous age (67.0 ± 3.3 Ma to 92.2 ± 2.8 Ma; K/Ar) was 
determined for the Getchell deposit based on the interpretation that mineralization is 
related to the Osgood stock (Silberman et al., 1974; Berger and Bagby, 1990). The 
Gold Quarry deposit may be either Mesozoic or Oligocene in age with a younger limit of 
- 28 Ma based on supergene alunite (Berger and Bagby, 1990). Mineralization at the 
Table I. Age determinations of Carlin-type ore deposits (after Berger and Bagby, 1990) 
Deposit Igneous Rock Igneous Rock Alteration Mineral Reference 
type Age(Ma) Age(Ma) Dated 
Northumberland granodiorite 154.0± 3 biotite Silberman and McKee (1971) 
Nonhumberland qtz porphyry 84.6 ± 1.7 whole rk? Motter and Chapman (1984) 
Gold Acres qtz monzonite 98.8 ± 8.2 biotite Silberman and McKee (1971) 
Gold Acres qtz monzonite 92.8 ± 1.9 sericite Silberman and McKee (1971) 
Conezmine myolite 35.0 ± 1.1 whole rock Monon et al. (1977) 
Getchell mine dacite 89.9 ± 1.8 biotite Silberman et al. (1974) 
Getchell mine granodiorite 92.2 ± 2.8 sericite Silberman et al. (1974) 
Getchell mine granodiorite 80.9 ± 3.3 sericite Silberman et al. (1974) 
Getchell mine granodiorite 74.7 ± 2.2 sericite Silberman et al. (1974) 
Getchell mine granodiorite 67.0 ± 3.3 sericite Silberman et al. (1974) 
Gold Quarry -27 alunite Berger and Pickthorn 
(unpublished data from 
Berger and Bagby, 1990) 
Posi/Betze granodiorite 160 ± 2.1 117 sericite Arehan et al. (1989; 1993c) 
Purple Vein monzonite 147 ± 4.0 hornblende Lauha and Bettles (1993) 
...... 
...... 
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Post/Betze deposit was recently interpreted to be 117 Ma (Arehart et al., 1993c) based 
on 40 Arf39 Ar and KJ Ar dating of fine-grained sericite. After an extensive compilation of 
dates, Thorman and Christensen (1991) suggested that late Eocene to early Oligocene 
appears to be the age for most mineralization along the Carlin trend and Independence 
deposits. Gold mineralization may have occurred over a fairly long period of time or at 
different intervals by different mechanism and processes (Sha, 1993), thus creating the 
confusion that has developed over the age of Carlin-type deposits. 
General Geology of the Purple Vein and Post/Betze Orebodies 
Stratigraphy 
The Purple Vein and Post/Betze orebodies are located at the north end of the 
Tuscarora Mountains (Figure 1.1) and occur in similar stratigraphic and structural 
settings. The local stratigraphy is comprised of the Ordovician Vinini, Silurian-
Devonian Roberts Mountain, the Devonian Popovich, the "unnamed Devonian," and the 
Tertiary Carlin formation. The Purple Vein and Post/Betze orebodies are hosted by the 
Popovich Formation (Figures 2.1 and 2.2) (Lauha and Bettles, 1993). 
The Ordovician Vinini Formation consists of two members: a lower argillite 
member and an upper chert member. The lower member is comprised of a lower 
massive argillite, a middle thinly bedded siltstone unit, and an upper limy siltstone/silty 
limestone unit. The upper member contains a series of interbedded units of chert, 
quartzite, sandstone, and siltstone. The depositional marine environmental was adjacent 
to an emergent shelf terrain and not associated with a magmatic arc (Matti and McKee, 
1977; Ketner, 1991). 
The Silurian-early Devonian Roberts Mountain Formation consists of 
interbedded thin- to thick-bedded, silty to sandy carbonates with locally massive 
limestone units. In unaltered rock, the detrital component is largely quartz with minor 
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amounts of feldspar, muscovite, and clays. This unit formed from the slow settling of 
suspended sediments in an outer shelf, silled-basin environment on the upper continental 
slope (Matti and McKee, 1977). 
The Devonian Popovich Formation consists of basal limestone and debris flows, 
grading upward into a laminated clay-rich limestone to a calcareous mudstone member 
with scattered turbidite beds that decrease in abundance up section. This unit 
accumulated in a silled-basin environment on the lower slope of the continental margin 
(Matti and McKee, 1977) 
The "unnamed Devonian" section contains a calcareous siltstone unit, a thin-
bedded argillite/siltstone with minor quartzite and sandstone unit, and a massive argillite 
unit (Bettles, 1989). This section was previously included as part of the lower member 
of the Ordovician Vinini Formation, but recent studies on conodonts indicate that the 
unit is upper Devonian in age (Griffin, 1993, personal comm.). 
The Carlin Formation consists of late Tertiary tuffaceous sediments, lacustrine 
volcaniclastic sediments, siltstones, gravel, and colluvium. These rocks represent 
extensional basin fill and onlap sediments that unconformably overlie the Paleozoic 
rocks (Lauha and Bettles, 1993 ). 
Intrusive Rocks 
The dioritic Goldstrike stock (Figure 2.2) intruded the Paleozoic sediments in the 
Post/Betze area during late Jurassic time. It covers approximately one square mile, but it 
is more extensive in the subsurface (Bettles, 1989). Tertiary monzonite, quartz 
monzonite, and latite in the immediate area of both deposits were emplaced along 
northwest striking high-angle faults and tluust faults (Lauha and Bettles, 1993; Yolk and 
Lauha, 1993). Arehart eta!. (1989) dated hornblende and biotite from the Goldstrike 
stock at 160.6 ± 2.1 Ma (40ftu(39AI) (Table 1). Hornblende in the monzonite porphyry 
dike (Figure 2.1) at the Purple Vein was dated at 147 ± 4.0 Ma (K}Ar) (Lauha and 
Bettles, 1993). 
Structure 
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Structures in the Purple Vein and Post/Betze orebodies include thrust faults and 
asymmetrical folds developed during Paleozoic and Mesozoic contractional events. 
Northwest-striking high-angle faults are cut by northeast-striking high-angle faults with 
both strike- and dip-slip offset. Many older structures display evidence of recurrent 
movement attributed in part to reactivation during Basin and Range extension (Yolk and 
Lauha, 1993). 
Ore Controls and Mineralization of the Purple Vein 
and Post/Betze Orebodies 
Ore Controls 
At both the Post/Betze and the Purple Vein deposits, northwest-striking, high-
angle faults predate the gold mineralization and acted as principal feeder structures of the 
hydrothermal fluids (Lauha and Bettles, 1993; Yolk and Lauha, 1993). At the Purple 
Vein deposit, a monzonite porphyry dike was emplaced along NlO-30°W striking high-
angle normal faults and intruded along thrust faults forming a barrier to the hydrothermal 
fluids that traveled upward along the faults (Figure 2.1). The mineralizing fluids were 
trapped under the dike and created collapse breccias through dissolution of the 
carbonates. Open spaces and increased porosity created by collapse breccias and 
tectonic breccias provided ground preparation and may be the major controlling factor 
for location of mineralization. Hydrothermal brecciation is also associated with the main 
mineralizing event (Lauha and Bettles, 1993). Cross-cutting, northeast-striking faults 
acted as secondary feeders for the fluids. Other secondary structures that control 
mineralization by acting as barriers include thrust faults intruded by felsic dikes (Lauha 
and Bettles, 1993; Yolk and Lauha, 1993). 
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The Post/Betze deposit is more typical of large, low-grade, sedimentary-hosted 
Carlin-type deposits in that the orebody fonned by replacement in carbonate units that 
have been decarbonatized, argillized, and occasionally silicified. Hydrothermal fluids at 
the Post/Betze deposit flowed along N20° -60°W striking faults and through intersected 
sedimentary beds that were receptive to these fluids. Most favorable for fluid flow were 
silty limestone units and debris flows because of their high porosity and permeability. 
Fluids traveling through these beds often created collapse, but most mineralization is 
concentrated at the intersections of the faults and beds that were receptive to these fluids 
where the combination of fracturing and secondary porosity create the greatest amount 
of open space. Mineralization is also present in low-angle structures interpreted to be 
cooling joints and/or thrust faults in the Goldstrike stock (Lauha and Bettles, 1993; Yolk 
and Lauha, 1993). 
Gold 
Gold mineralization at the Purple Vein and Post/Betze orebodies is spatially 
related to pyrite/marcasite (Lauha and Bettles, 1993). Ion microprobe analyses of 
pyrite in the Purple Vein orebody conducted as part of this study are discussed in 
Chapter 4. Ion microprobe analyses of gold-bearing arsenian pyrite in the Post/Betze 
deposit indicated the presence of a bimodal size distribution of pyrite ( -200 Jl!l1 and 
-10-20 Jlm). Gold is incorporated in the pyrite/marcasite as globules 0.002 to O.OlJ.!m 
in diameter. The gold grade of fme-grained pyrite/marcasite averages 5 oz/ton, which 
is 30 times higher than the gold grade in coarse-grained(-200 J..lm) pyrite/marcasite 
(Private report, Barrick-Goldstrike, Chryssoulis, 1988; Lauha and Bettles, 1993). 
Arehart eta!. (1993a, 1993b) demonstrated by ion microprobe analyses of Post/Betze 
pyrite samples that gold is present in arsenian pyrite as thin rinds around the nuclei of 
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diagenetic pyrite or around gold-poor or gold-free pyrite formed during the early stages 
of hydrothermal mineralization. 
Gangue Minerals and Trace Elements 
Geochemical studies of both the Post/Betze and Purple Vein ore bodies indicate a 
substantial difference in the mineral and element content in the two deposits (Table 2) 
(Lauha and Bettles, 1993). The unoxidized Post/Betze orebody has neatly twice the 
arsenic grade but only half the antimony grade of the Purple Vein. Mercury values are 
comparable, but the Purple Vein orebody has higher copper, lead, zinc, and barium 
than the Post/Betze orebody . 
Alteration 
Although decatbonatization, silicification, and argillization are present at both the 
Purple Vein and the Post/Betze deposit, a significant difference exists in the abundance 
of each type of alteration especially in the higher grade zones of the two deposits. At the 
Post/Betze deposit, there is a greater amount of argillic alteration than at the Purple Vein, 
whereas, intensive silicification is the dominant alteration type at the Purple Vein (Lauha 
and Bettles, 1993). 
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Table 2 Drillhole Chemistry 
Elements that are typical of Carlin-type gold deposits show variations between the upper 
Post oxide, lower Post/Betze sulfide, and the Purple Vein sulfide orebodies (from Lauha 
and Bettles, 1993). 
POST OXIDE LOWER POST/BETZE PURPLE VEIN 
-
Number of Samples 79 193 30 
Cutoff Au oz/ton 0,02 0.065 0.048 
ounce per ton ounce per ton ounce per ton 
Au 0.056 0.25 0.634 
Ag 0.018 0.04 0.218 
I parts per million parts per million parts per million 
As 551 1684 893 
Sb 53 82 182 
Hg 4 20 26 
Tl 5 19 21 
Ba 169 22 25534 
Cu 43 57 70 
-
Pb 12 29 48 
Zn 93 442 958 
Cd 4 5 12 
Ni 37 88 21 
Cr 31 29 n/a 
Te 2 4 2 
Se 13 22 7 
------· 
percent percent percent 
s 0.25 2.23 3.8 
CHAPTER 3 
METHOD OF STUDY 
Petrographic Study 
Samples selected for this study were chosen from drill core from each deposit. 
At the Purple Vein orebody, there are no surface exposures of the deposit; underground 
mining is scheduled to commence in 1996. At the Post/Betze deposit, drill core was 
selected to study the deep sulfidic ore. Each drill core was chosen for its higher-grade 
gold values. Thirty-three samples from drill hole EX-53C from the Purple Vein deposit 
(Figure 2.1) were chosen from 366 meters to 549 meters below the surface (elevations 
of 1280 meters to 1075 meters above sea level). Sample numbers correspond to the 
depth of each sample below the present surface in feet. 
The Post/Betze deposit is in production as an open pit mine. Twenty-one 
samples from drill hole P-324C (Figure 2.2) were selected from 61 meters to 226 meters 
below the pit floor (elevations above sea level of 1432 meters to 1268 meters). Sample 
numbers are in feet and correspond to the depth below the pit floor. 
The samples from both drill cores were examined and deS<-Tibed in detail to 
determine mineralogy and cross-cutting relationships (Appendix I and IV). Twenty-five 
polished thin sections from Purple Vein samples and ten from Post/Betze samples were 
prepared by myself and Mann Petrographics. Thin sections were examined in both 
transmitted and reflected light on a Nik:on Optiphot-Pol microscope for mineralogy and 
fluid inclusion analyses. 
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Gold Analyses 
Fire assays for gold content from American Barrick's assay laboratory were 
available on five foot composites of drill core. In addition, twenty-one billets were 
selected from thin and thick sections from the Purple Vein and fifteen from the 
Post/Betze and were also analyzed for gold by fire assay at the American Barrick assay 
laboratory. Final beads were analyzed by atomic absorption spectroscopy on a Hitachi 
28200 instrument with an accuracy level of± 0.001 oz/ton. 
Secondary Ion Mass Spectrometry 
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Four rock chips from the Purple Vein deposit were selected for the disseminated 
gold in pyrite/marcasite to be quantified and mapped at Advanced Mineral Technology 
Laboratory, London, Canada by Dr. Stephen Chryssoulis. At the laboratory, the rock 
chips were embedded in carbon-filled epoxy and polished to a one micron diamond 
finish, and the samples were placed under the primary ion beam aided by a microscope 
attached to a CAMECA IMS-3f ion miLToprobe at the University of Western Ontario. 
The primary beam was cesium at 40-50 nA for probing and 400 nA for mapping. Since 
the ion microscope is a mass spectrometer, samples were analyzed for selected isotopes 
of sulfur (34S), iron (56 Fe), arsenic (15 As), and gold (19? Au). The analytical spot size 
for probing was 30 Jlm with a 150 Jlm diameter viewing area. Negative secondary ions 
of sulphur, iron, arsenic, and gold were emitted and monitored. Elements are quantified 
through comparison with a pyrite standard from Elba, Spain, implanted with a known 
quantity of gold. The background gold in the Elba pyrite is 5.9 ppb. Details of the 
quantitative analytical procedures and standardization are given by Chryssoulis et al. 
(1987' 1989). 
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Energy Dispersive X-ray Analyses 
Sphalerite and an unidentified acicular mineral were selected to be analyzed for 
the iron content and identification, respectively. The examinations were performed at 
Northern Arizona University by Dr. James Wittke on a Prinston Gamma Tech electron 
microprobe. This Energy Dispersive Spectrometer on an ETEC microprobe is computer 
controlled, and the automatic analyzer has scanning capabilities that permit acquisition 
and photography of images using either back-scattered electrons sensitive to average 
atomic number or characteristic X-rays. These scanning features permit the spatial 
chemical composition to be determined. 
Fluid Inclusion Study 
Microthermometry 
Sixteen doubly polished sections of the Purple Vein and five doubly polished 
sections of the Post/Betze were prepared for fluid inclusion studies by Mann 
Petrographic, Los Alamos, New Mexico and South Wind Petrographics, Liberty Hill, 
Texas from thin section billets that I determined contained fluid inclusions. I examined 
the doubly polished sections (35 to 45 ~m) on a Nikon Optiphot petrographic 
microscope at the University of Nevada, Las Vegas and selected areas containing 
inclusions suitable for freezing and heating tests. These areas were broken into chips 
approximately 5 to 8 mm in size for microthermometry. 
Four hundred and rwenty-six fluid inclusions from Purple Vein thick sections 
(Appendix II) and 271 inclusions from Post/Betze tltick sections (Appendix V) were 
analyzed on a USGS design, gas-flow, heating and freezing stage manufactured by 
Fluid, Inc. that was mounted on a Nikon Optiphot-2 microscope. Temperature 
measurements were calibrated using synthetic fluid inclusions manufactured by Syn 
Flinc, Inc. containing pure H20 and an H20-C02 mixture. Ice, C02, and clathrate 
homogenization runs were performed in triplicate, and they were found to be 
reproducible with a precision of± 0.3°C. Total homogenization temperatures were 
accurate to± 1.5°C. Temperatures above 150°C were monitored in 2°C increments. 
Crushing Studies 
23 
Crushing tests were performed to determine the presence of gases (C02. Cf4). 
Fifteen samples of barite, quartz, and calcite from the Purple Vein deposit and ten 
samples of calcite and quartz from the Post/Betze deposit were coarsely crushed in a 
mortar and pestle. The particles were sandwiched between two glass slides, immersed 
in kerosene or glycerine, and crushed by a Latham Enterprises "piston screw-type" 
crushing stage while being observed under the microscope. The rapid expansion of 
bubbles provides a quick test for identifying gases in fluid inclusions (Roedder, 1972, 
1984). 
Laser Raman Microprobe Analyses 
Gas analyses of fifty-four fluid inclusions in quartz, sphalerite, and barite from 
three Purple Vein samples were completed at Virginia Polytechnic Institute using a Dilor 
XY Laser Raman microprobe by Dr. Robert Bodnar. Micro-raman spectroscopy is a 
nondestructive method and permits pinpoint analysis of individual fluid inclusions and 
the chemical-structural characterization of dissolved and solid non-ionic phases (e.g. 
chemical speciation, degree of crystallinity, and distinguishing between polymorphs). It 
is especially suitable for analysis of such species as C02. H20, CI4, H2S, H2 and N2 
in the gas and liquid phases of individual fluid inclusions (Pasteris et al., 1986). 
Quadrupole Mass Spectrometer Analyses 
Gas species from forty-five individual fluid inclusions in one sample of barite 
(sample 1446) were quantitatively analyzed by A. H. Hofstra using a quadrupole mass 
spectrometer (QMS) at the U. S. Geological Survey in Denver, Colorado (Appendix 
nn. The analyses are obtained by continuous real-time multiple-ion monitoring of gas 
released as the sample is heated in a vacuum at a rate of 5-7°C per minute. The 
instrument scans at a rate of up to 100 microseconds/atomic mass unit (AMU) with a 
lower limit for routine analysis of individual gas species in the 10 ppm range and 
detection limits as low as 8x1Q·I5 mbar (2x background) (Landis and Hofstra, 1991). 
Description and Classification of Fluid Inclusions 
Primary and Secondary Inclusions 
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Determining the origin of fluid inclusions is crucial to any interpretation of the 
pressure, temperature, and composition (P-T-X) data derived from them. Two fluids 
may have been trapped millions of years apart and understanding the sequence of 
trapping is necessary in deciding the fluid evolution and may also aid in determining the 
mineral paragenesis. Therefore, it is necessary to know if the inclusions are primary or 
secondary. Establishing whether fluid inclusions from the Purple Vein and Post/Betze 
deposits are primary or secondary and their paragenetic relationships in the samples was 
difficult for two reasons. First, criteria used to identify primary inclusions, such as 
large, isolated, and randomly arrayed inclusions or alinement in growth zones (Roedder, 
1979) are lacking in samples from both deposits. Second, criteria indicating secondary 
inclusions, those which form after crystallization of the host and are identified by their 
presence in healed fractures, were also scarce. Inclusion origin was, in part, determined 
by relationships between the inclusion types and host phases. Inclusions observed and 
recorded in paragenetically early mineralization stages show fmal ice melting and 
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homogenization temperatures that are not recorded in later stages. These inclusions are 
interpreted to be primary or trapped after the mineral host crystalized but prior to 
crystallization of minerals in later stages. These same minerals may also contain other 
inclusions that show final ice melting and homogenization temperatures that are recorded 
in later mineralization stages. These inclusions are interpreted to be secondary in the 
Early Mineralization Stages. 
Fluid Inclusion Classification 
Following Kuehn (1989), I divided the fluid inclusions into three classes based 
on the number of phases the inclusions contain as viewed under the microscope at room 
temperature (25°C) (Table 3). Further distinctions are based on salinity, gas content, 
and phase behavior upon cooling or heating. 
One-phase inclusions observed during this study include Types lB and 1 C 
(Table 3). Type lB are COz-rich inclusions that nucleate a vapor bubble at< 25°C. 
They may contain minor Cli4 or other gases that are indicated by reduction of the C02 
melting temperature to below -56.6°C. Type lB may also contain a small amount of 
water, but because water forms a thin film against the inclusion walls (Roedder, 1984), 
it is impossible to observe. Type 1 C inclusions contain liquid HzO trapped at 
sufficiently low temperatures to preclude the nucleation of a vapor phase (Roedder, 
1984). 
Two-phase inclusions generally homogenize to the liquid phase by the shrinking 
of the vapor bubble. Two-phase, H20-rich inclusions observed in this study include 
Type 2A that contain> 10 wt.% NaCl equivalent and Type 2D that contain::; 10 wt.% 
NaCI equivalent. The presence of C02 was not indicated during rnicrothermometry. 
Other two-phase inclusions contain COz and possibly minor Cli4 or other gases. 
Type 2B H20-C02 inclusions generate a third (vapor) phase upon cooling. In Type 2C 
inclusions, the presence of C02 was detected by solid C02 melting and/or by COz gas 
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Table 3. Catalogue and sketch at 25°C of major types of fluid inclusions found 
in Carlin type deposits (after Kuehn, 1989). 
INCLUSION Major contents Comments aOOut Description and 
TYPE and distinguishing relevant phase sketch of inclusion 
characteristics behavior at25°C 
lA One-phase Nucleates Equant and dark 
CJ4±C0z vapor bubble , 
below· 82°C 
*IB** One-phase COz Triple· point Dark, neg-xls 
with only a melting near - 56.6°C ('/;) trace of Cf4 . 
*IC One-phase May nucleate a vapor Empty looking 
H20 bubble at low T ~ 
*2A** Two-phase First melting 
high salinity temperatures (a) HzO-rich very low 
*2B Two-phase Generates a third 0 Dark gray 
HzO-rich with COz vapor vaporc:;;bble 
C02-liquid upon cooling 
*2C** Two-phase Can generate 
HzO·rich clathrate (!) 
•20** Two-phase Does not generate 
low salinity clathrate ~ 
*2E Two-phase Homogenizes to Active bubble 
COz-rich with C02 liquid 
both COz (L+ V) between 25°·31°C 
• melts near - S6.6°C *2F** Two-phase Generates a third 0 Water near edge 
COz-rich with (COz vapor) upon cooling 
Elb minor HzO (L) melts near - 56.6°C 
3A Three-phase HzO-rich, Active COz (V) 
COz phases homogenize ~ to COz (L) 
3B Three-phase H20-rich, Thick meniscus 
COz phases homogenize & to COz (V) 
3C Three-phase TwoCOz Active bubble 
COz-rich with phases homogenize water near edge 
minor HzO (L) prior to 31 °C 
*denotes inclusions in the Purple Vein. **denotes inclusions in the Post/Betze. 
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hydrate (clathrate) melting. C02 melting is sometimes observed because a thin ftlm of 
liquid c~ (not visible) surrounds the c~ vapor bubble and melting of this frozen 
liquid film manifests itself as a small jerk of the bubble. Because pure C~ melts at 
-56.6°C, melting of C02 at temperatures lower than -56.6°C indicates the presence of 
another gas in Type 2C inclusions. Cf4 is usually the second most abundant gas in 
Carlin-type systems (Landis and Hofstra, 1991). C02 gas hydrate or clathrate is a solid 
phase consisting of C~·5.75 H20 that forms during freezing and which is stable to 
temperatures between 0° and l0°C. The formation of clathrate during freezing and 
melting between 0 and l0°C indicate that C02 is present (Roedder, 1984 ). 
Type 2E inclusions contain both liquid and vapor C~ and homogenize to the 
liquid phase between 25°-31 °C. Type 2F inclusions contain a small amount ofHzO 
(liquid) surrounding COzliquid that nucleates a third phase, C02 vapor, upon cooling. 
Inclusions that contain three-phases at 25°C were observed but were too small for 
microthemometric studies or to determine phase ratios. 
CHAPTER 4 
PURPLE VEIN STUDY. 
Description of Drill Core EX-53C 
Drill core EX-53C from the Purple Vein orebody (Figure 2.1) contains many 
features diagnostic of a collapse breccia as defined by Williams (1992). A heterolithic 
assemblage of clasts includes limestone debris flow, pyritized limestone, massive white 
barite with stylolites, amber sphalerite, pyrite, argillite, and quartz monzonite. Features 
include delicate angular and elongate fragments, a high percentage of fragments to 
matrix, intensely fractured overlying rock, and no apparent zoning. 
The breccia clasts are cemented predominantly by fine-grained anhedral to 
euhedral quartz crystals intergrown with masses of anhedral pyrite containing ubiquitous 
disseminated pyritohedrons. Whether the present matrix precipitated as open-space 
filling or as replaced internal sediments such as limestone and barite has not been 
determined. Other features in the matrix include strands or ribbons of pyrite and 
sphalerite. Some ribbons are believed to be stylolites, originally in barite and released 
when the barite was dissolved or replaced. Other ribbons may have precipitated as part 
of the matrix. Many individual crystals of zoned amber sphalerite appear to have settled 
out on clasts. Alternatively, sphalerite could have precipitated on the clasts as part of the 
matrix. 
The mineral and fluid inclusion parageneses were established from hand sample 
and thin section observations (Appendix I) as well as fluid inclusion data (Appendix II). 
Because the sedimentary rocks have undergone compaction and diagenesis, faulting, 
intrusion by plutons, silicification, pyritization, brecciation, and supergene alteration, 
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cross-cutting relationships normally used to develop a paragenesis and interpret the 
formation of an orebody are rare. Minerals with mutual grain ooundaries were 
interpreted to have coprecipitated. Minerals that contain inclusions of early fluids and 
fluids that were introduced later are interpreted to be the earliest minerals to precipitate; 
minerals that trapped only later fluids are interpreted to have precipitated during later 
stages. Based on this line of reasoning, the mineral paragenesis was divided into three 
stages: Early Mineralization, Gold Ore Stage, and Post-Ore Stage (Figure 4.1). The 
period of time of each stage and the period of time that elapsed between these stages is 
unknown and may have been millions of years in length. 
Early Mineralization Stage 
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The Early Mineralization Stage is defmed by an intergrowth of quartz, 
pyrobitumen, barite, sphalerite, sulfosalts, and pyrite. The temporal relationships of 
minerals in this assemblage are indicated by mutual grain ooundaries and cross-cutting 
relationships and may represent precipitation over a long period of time and from fluids 
with a wide range of salinities and temperatures. Minerals are grouped into two 
substages. Substage I contains solid, high-reflectance pyrobitumen and euhedral quartz 
crystals with a 6: !length to width ratio. Substage II, a younger base metal stage, 
contains barite, yellow and amber sphalerite, jasperoidal quartz, pyrite, and sulfosalts. 
Formation of minerals in the two substages appears to overlap, and there is overlap of 
some base metal minerals with the later Gold Ore Stage minerals. Gold precipitation 
during this stage has not been identified. 
Fluid inclusion data for the Early Mineralization Stage were collected from 
euhedral quartz crystals and zoned amber sphalerite (fable 4a and 4b). No fluid 
inclusions were observed in yellow sphalerite. Although inclusion data also were 
collected from barite and jasperoidal quartz, the data will be discussed in the Gold Ore 
Stage section for two reasons. First, data from barite are included in the Gold Ore Stage 
PURPLE VEIN DRILL CORE EX-53C 
Early Main Late Post 
Mineralization Gold Ore Ore 
Pyrobitumen 
Quartz ' 1- -------------
Barite 
Sulfosalts 
Yellow Sphalerite 
Amber Sphalerite 
Pyrite 
Gold 
Calcite 
Stibnite 
Oxide 
--
----
?-?- -------------
_?r ______ _ 
-
Cretaceous 
--
--
Tertiary 
Figure 4.1 Generalized paragenetic sequence for drill core EX-53C from 
the Purple Vein orebody. 
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Table 4a Data from primary and secondary fluid inclusions in the Purple Vein orebody. 
Stage Mineral Time Salinity Homogenization Inclusion 
Early 
Mineralization 
Stage I quartz 
Stage II sphalerite II.._ ... ?. 
Dike 
qtz phenocrysts ... ? .. 
Main Gold 
Ore StafW 
barite 
2A 
2D 
2D 
2D 
Temperature Type 
2D 
2A(P) 
2A(P) 
2D(S) 
2D (S) 
IC (S)2D 
IB (S) 
2C(S) 
2E(S) 
311 2B (P) 2D (P) 
2F(P) 
TCOz 
19SCTh 
0.3-8.3"C Tmc 
25.1-25.9"C Th 
qtz/carbonate 2C (P) I 2-9"C Tmc 
qtz/barite 2D 2D 
2D (P) 
qtz/clean 2D 
2D 
2D(P) 
Min. Slage wL%NaCl 
Slage 
equivalent 
Note: qlz/ = quartz !hal replaced; T C~ is either a range or an individual measuremenL P = primary inclusions, S = secondary 
inclusions, Tmc =clathrate melting temperatures, Th = C~ liquid-vapor 10 liquid homogenization. w 
-
Table 4b Data collected from primary and secondary fluid inclusions in the Purple Vein deposit Tempemtures ace mnges and modes 
of homogenization tempemtures. aq =aqueous, wt.% = wt.% NaCJ equivalent. 
Early Minemliza!ion Stage 
early 
large euhedml qtz 
pyrobitumen 
late base metal 
sphalerite 
py, qtz, sulf, jru;p 
Monzonite Dike 
Quartz phenocrysts 
Gold Ore Stage 
main gold ore stage 
qtz/carb 
qt7Jba 
qtz/clean 
barite 
py/au 
late gold ore stage 
calcite, qtz, stb, ba, py 
Post Ore Stage 
Primary Inclusions 
2 phase, aq {2A}, 11-20 wt%; 220°-280"C 
2 phase, aq (2A), 9-20 wt.%; 210°-220"C 
Secondary Inclusions 
2 phase, aq (2D), 0-10 wt.% 
2 phase, aq (20}, 3-4 wt.%; 150"-180"C (20} 
2 phase, aq (20), l-7wt.%; mode at 4.5wt.% 
155°-245"C; mode at 200"-215°C 
2 phase, aq, (20), 0-10 wt %; 200"-245°C, mode at 225"C 
2 phase, H20-C02 (2C}, (2B); 2 phase, H:z()-CO:! (2F) 
2 phase, aq (2D), 0-9 wL%, mode at 0-1 & 3-6 wt%; 150°-250°C, mode at200"-225°C 
2 phase, aq (2D), 0-7 wt%, mode at 3-6 wt.%; l75°-245°C, mode at 200"-225"C 
no data 
no data 
2 phase aq (2D), 0-llwt%; 
2 phase aq H20-CD2 (2C}; 2 phase CO:! (2E} 
I phase aq H20 (!C); I phase C02 (!B) 
w 
N 
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section because evidence discussed subsequently indicates that fluids are present in 
secondary inclusions and were trapped during that stage. Second, data collected from 
jasperoidal quartz are included in the Gold Ore Stage because jasperoidal quartz is 
believed to have formed more or less continuously through the Early Mineralization and 
Gold Ore Stages, and most quartz grains exhibit murual grain boundaries with gold-
bearing pyrite. 
Early Silicification and Pyrobitumen (Substage I) 
Early silicification occurs as euhedral quartz crystals with a 6: !length to width 
ratio, as quartz with jasperoid texrures and a 3:1 length to width ratio, and as comb 
quartz. Jasperoidal quartz in this stage is minor and is described in a later section. 
Comb quartz occurs as fracrure filling in argillites. 
Quartz: 
The euhedral quartz crystals are milky and are greater than 200 IJl1l in length. 
They frequently have overgrowths of quartz (Figure 4.2) and contain inclusions of 
acicular sulfosalt crystals, dolomite, and calcite. 
Two types of two-phase, liquid-vapor, aqueous fluid inclusions, Types 2A and 
2D, occur in these euhedral quartz crystals (Table 4b). Both types are liquid-rich and 
small (l-41J,m in diameter). Type 2A inclusions are interpreted to be primary because 
they are present only in this early quartz and not in minerals of later stages. The 
majority of inclusions are oval to round. Salinities range from 11 to 20 wt.% N aCl 
equivalent (Figure 4.3 and Table 4a) and homogenization temperarures range from 220° 
to 280°C (Figure 4.4 and Table 4a). The salinity range is large and the lower end 
overlaps with the higher salinities found in substage II minerals such as jasperoidal 
quartz, barite, and amber sphalerite. 
Figure 4.2 Photomicrograph of euhedral quam: from the Early Mineralization Stage. 
Crystals are milky, are greater than 200 ilm, have a length to width ratio of 6:1, and 
have overgrowths of quartz (5x, x-nicols, field of view = 1600 J.Lm). 
(qtz = euhedral quartz, ba =barite, py =pyrite) 
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Figw-e 4.3 Frequency-salinity histogram for primary, two-phase, liquid-vapor, aqueous 
inclusions (Type 2A) in euhedral quartz crystals from the Early Mineralization Stage. 
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Figure 4.4 Frequency-homogenization temperature histogram for primary, two-phase, 
liquid-vapor, aqueous inclusions (Type 2A) in euhedral quartz crystals from the Early 
Mineralization Stage. 
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Laser Raman spectroscopy analyses of 16 inclusions in euhedral quanz detected 
no H2S or CI-4. Minor CO:z was detected in two fluid inclusions, but these may be 
secondary. Because of their small size, no freezing data were obtained, and it is not 
clear whether these two inclusions are Type 2A, 20, or 2C. There is no other evidence 
to suggest that C02 is associated with the Early Mineralization substage. 
Type 2D inclusions in euhedral quartz crystals range from 0 to 10 wt.% NaCl 
equivalent. These inclusions are interpreted to be secondary because they contain fluids 
with lower salinities and lower homogenization temperatures and are similar to later 
stage inclusions. The microthermometric data are discussed with the jasperoidal quanz 
data in the Gold Ore Stage. 
Pyrobitumen: 
Reflective angular grains (100-200 J..Lm in length) of solid, high-reflectance 
pyrobitumen (Figure 4.5) are intergrown with barite and with comb quanz that fills 
fractures in argillites. The relative timing of the pyrobitumen and comb quanz could not 
be determined. 
Base Metal Stage (Substage II) 
Sphalerite: 
Sphalerite occurs as honey yellow sphalerite and wned amber sphalerite. Honey 
yellow sphalerite forms anhedral polycrystalline aggregates that range in size from 200 
to 300 J..Lm in width. Although mainly present in barite, sphalerite also occurs in zebra 
dolomite and argillites. Sphalerite crystals often occurs terminate against stylolites 
(Figure 4.6) in zebra dolomites and barites. Sphalerite in argillite is present in quartz-
filled tensional fractures. 
Amber sphalerite is zoned from light to dark and grains range in size from 100 to 
300 J.lm in width (Figure 4.7). The crystals are euhedral and frequently shattered. 
Figure 4.5 Photomicrograph of reflective, angular grains of solid, high-reflectance 
pyrobitumen (20x, x-nicols, reflected light, field of view= 400 11m horizontal). 
(pyrob = pyrobitumen, ba =barite) 
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Figure 4.6 Photomicrograph of yellow sphalerite terminating against stylolites of pyrite 
in zebra dolomite (20x, plain polarized light, field of view = 400 !J,m). 
(sph =sphalerite, py =pyrite) 
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Figure 4.7 Photomicrograph of zoned amber sphalerite (20x, plain polarized light, field 
of view= 400 jlrn). (sph "'sphalerite, py =pyrite, qtz o= quartz) 
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Microprobe analyses indicate that the dark wnes are iron-rich; no iron was detected in 
yellow sphalerite. Zoned amber sphalerite contains sulfosalt crystals and exhibits 
mutual boundaries with, is contained within, and cross-cuts barite. It is interpreted to 
overlap in time with yellow sphalerite as it occurs in barite with yellow sphalerite. 
Amber sphalerite, however, also is abundant in the high-grade zones, in the matrix with 
clast cementing quartz, and it may be temporally associated with extensive pyrite and 
quartz formation in the Main Gold Ore Stage. 
Zoned amber sphalerite contains Types 2A and 2D, two-phase, liquid-vapor, 
aqueous fluid inclusions (Figure 4.7). These are liquid-rich,~ 15 jlm in diameter, oval 
to round, and extremely dark. Inclusions are sparse, and salinity and minimum trapping 
temperature data are limited. Three salinity modes are present (Figure 4.8). Two 
inclusions have salinities of 20 wt.% NaCl equivalent (Type 2A) and are interpreted to 
be primary as fluids with these salinities are not present in later stages. No 
homogenization temperatures were collected. Five inclusions have salinities of 9 to 10 
wt.% N aCI equivalent. Homogenization temperatures range from 210° to 220°C (Figure 
4.9). This group also may be primary because fluids with these salinities are not present 
in later stages. The data were collected from a mineral in a different sample, thereby, 
possibly trapping later fluids. Although these inclusions are < 11 wt.% NaCl 
equivalent, they are considered to be Type 2A because they are primary and were 
trapped in a mineral that formed during the Early Mineralization Stage. Four inclusions 
have salinities of 3 to 4 wt.% NaCl equivalent (Type 2D) and were present in the sample 
that contained inclusions with salinities of 9 to 10 wt.% NaCl equivalent. 
Homogenization temperatures are lower and range from at 150° to 180°C (Figure 4.9). 
These inclusions may be secondary because these or similar fluids are present in later 
stages. Raman spectroscopy detected no C02, Cf4, or H2S in seven analyzed 
inclusions. 
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Figure 4.8 Frequency-salinity histogram for primary and secondary, two-phase, liquid-
vapor, aqueous inclusions (Type 2A and 2D) from sphalerite. 
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Figure 4.9 Frequency-homogenization temperature histogram for primary and 
secondary, two-phase, liquid-vapor, aqueous inclusions (Type 2D) from sphalerite. 
Barite: 
Grayish-white barite occurs as clasts in the matrix of the collapse breccia and 
microscopically in clasts of silicified limestone. Barite contains inclusions of acicular 
sulfosalt crystals (Figure 4.10), angular grains of solid, high-reflectance pyrobimmen, 
yellow and amber sphalerite, and stylolites of pyrite and sphalerite. Barite precipitated 
with yellow and amber sphalerite and sulfosalts in the carbonates and encompasses 
earlier grains of pyrobitumen. Fluid inclusion data are included in the Gold Ore Stage 
section. 
Sulfosalts: 
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Small acicular Pb+As+Sb-bearing crystals (l~J,m x 100 IJ.m) (Figure 4.10) are 
ruby red to black in transmitted light and red to silver in reflected light. Electron 
microprobe analyses indicate the mineral is a sulfosalt and may be getchellite (AsSbS3); 
one of the many minerals identified and described by Radtke ( 1985) at the Carlin 
deposit. 
Pyrite: 
Diagenetic cubic pyrite (1-30 IJ.m in width) is cut by quartz-filled fractures and 
by veinlets of later pyrite (Figure 4.11 ). Framboids are tiny (1-5 IJ.m in diameter), rare, 
and also interpreted to be diagenetic. Hydrothermal pyritohedrons share grain 
boundaries with sphalerite. Stylolites containing pyrite framboids, cubes, and 
pyritohedrons were found in barite and dolomite, but the timing of formation of the 
stylolites has not been determined. Sha (1993) believes the stylolites are late diagenetic, 
and the gold contained in them is syn-sedimentary. 
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Figure 4.10 Photomicrograph of barite containing acicular sulfosalt crystals and two-
phase fluid inclusions ( 40x, plain polarized light, ti.eld of view = 200 !J.m). 
(ba =barite, ss = sulfosalts, f.i's fluid inclusions) 
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Figure 4.11 Photomicrograph of diagenetic cubic pyrite, frarnboids, and zoned 
hydrothermal pyritohedrons (40x, reflected light, field of view= 200 !liD). (cubic py = 
cubic pyrite, fram = framboids, hydro py =hydrothermal pyritohedrons) 
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Gold Ore Stage 
The Gold Ore Stage is divided into Main and Late Gold Ore Stages. The Main 
Gold Ore Stage consists of pyrite, quartz that replaced catbonates, quartz that replaced 
barite, and clean quartz. The Late Gold Ore Stage includes calcite, quartz, stibnite, 
barite, pyrite, and mateasite that fill fractures, cement breccias, and cross-cut all eatlier 
stages. Gold was detected by secondary ion mass spectrometery analyses in pyrite in 
the Main Gold Ore Stage and in mateasite and pyrite in the Late Gold Ore Stage. Fluid 
inclusion data (Table 4a and Table 4b) from the Main Gold Ore Stage were collected 
from quartz grains intergrown with pyrite, from barite, and from secondary inclusions 
in quartz phenocrysts in the monzonite dike. No fluid inclusions were found in the Late 
Gold Ore Stage minerals. 
Main Gold Ore Stage 
Mineral Descriptions and Fluid Inclusion Data 
Pyrite: 
Secondary ion mass spectrometery (SIMS) detennined that pyrite occurs in two 
forms, fine-grained ( < 5 J.Ull), finely disseminated pyrite and medium-grained (10-30 
J.Lm), euhedral crystals, usually encompassed by cleatly defined overgrowths of fine-
grained pyrite. The fine-grained, finely disseminated pyrite is gold- and arsenic-rich. 
The medium-grained, euhedral pyrites with the fine-grained overgrowths contain less 
gold. Lower gold values may result from the euhedral pyrite cores having low gold and 
atsenic compared to the fine-grained overgrowths, or they may have no gold. The area 
of the medium-grained pyrite often approximately equals the analytical spot size of 30 
J.Lm. Therefore, the reported gold may actually occur only in the fine-grained 
overgrowth on the euhedral pyrite crystal. 
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Gold: 
Gold was identified by SIMS in two samples from the Gold Ore Stage, one 
sample from the Late Gold Ore Stage, and one from core hole EX·45C. Thiny-five 
spots on pyrite and marcasite grains were analyzed and eight were mapped for 197 Au, 
75As, and 34S (Table 5). Sample EX-53C 1810 will be discussed in the Late Gold Ore 
Stage section. 
Sample EX-53C 1423 contains intergrown fine-grained quartz and fine-grained 
pyrite (:=; 5 Jlm) cementing heterolithic clasts (Figure 4.12). It is a high-grade sample as 
determined by fire assay and contains minor visible gold. Gold in five spots ranges 
from 1,626 to 2,004 ppm Au (Table 5). 
Sample EX-53C 1446 is a high-grade gold sample containing intergrown pyrite 
and fine-grained quartz replacing a barite clast. The pyrite is both fine-grained ( < 5 
Jlm), finely disseminated gold- and arsenic-rich pyrite and medium-grained (-10-30 
J.tm), euhedral crystals, usually with clearly defined overgrowths of fine-grained pyrite. 
Spots 1 to 5 range from 778 to 925 ppm gold (Table 5). Medium-grained, euhedral 
pyrite from 10 to 30 j.l.m in width with fine-grained overgrowths contains 184 to 261 
ppm gold (spots 6-8). Coarse medium-grained pyrite approximately 30 J.l.m in width 
with fine-grained overgrowths contains 31.6 to 113 ppm gold (spots 9-11) (Figure 
4.13). 
Sample EX-45C 909, although not from drill hole EX-53C, was analyzed 
because it contains stylolites of pyrite in zebra dolomite (Figure 4.6). Coarse pyrite 
crystals in this stylolite include framboids, diagenetic cubic pyrite, and earlier subhedral 
and euhedral hydrothermal pyritohedrons that form nuclei for fine-grained, gold- and 
arsenic-rich pyrite. Ion probe microanalyses indicated 80% of the pyrite is fme-grained 
and only 20% is coarser than 10 j.l.m. Gold analyses of seven spots along the stylolite 
are remarkably similar with an average gold content of 234 ppm and a range from 208 to 
259 ppm (Table 5). 
Table 5 Gold concentration (ppm) in pyrite detennined by SIMS at the Advanced 
Mineral Technology Laboratory, London, Canada by Dr. Stephen Chryssoulis. 
EXS3C-1423 EXS3C-1446 EX4SC-909 EXS3C-1810 
Main Gold Ore Stage Main Gold Ore Sta•e Dia•enetic? Late Gold Ore Stage 
hi•h ~rrade matrix matrix/vein in barite stvolite in dolomite late fracture 
Soot# Au ppm Soot# Au ppm Soot# Au ppm Soot# Au ppm 
1 1800 1 896 1 259 1 1.5 
2 1626 2 925 2 226 2 4.9 
3 2004 3 778 3 229 3 7.8 
4 1873 4 815 4 252 4 9.7 
5 1772 5 881 5 225 5 1.1 
6 261 6 235 6 4.8 
7 184 7 208 7 1.0 
8 192 8 9.3 
9 31.6 9 14.2 
10 94.5 10 34.7 
11 113 11 14.5 
12 54.7 
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Figure 4.12 Photomicrograph of fine-grained pyrite ( < 5p.m) in growth zones set in a 
mat of pyrite and euhedral to anhedral clean quartz that contains no inclusions of barite 
or calcite (20x, reflected light, field of view = 400 JJ.m). (qtz xl = euhedral, clean quartz, 
py =pyrite) 
(a) 34S 
Figure 4.13 Ion distribution maps of sample 1446 showing (a) sulfur in a medium-
grained euhedral pyrite (b) gold rimming the pyrite, and (c) arsenic that precipitated 
with the gold. It is believed that most of the gold resides in As-rich rims (diameter of 
view= !50 f.tm.). (arrow points to a pyritohedron) 
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(b) 197 Au 
(c) 75As 
Quartz that replaced carbonates: 
Quartz that replaced carbonates displays jasperoidal textures that are reticulate 
(3:1length to width), xenomorphic, and jigsaw (Lovering, 1972). Crystal length 
ranges from 20 to 200 ~m. Inclusions of calcite are aligned along growth zones or 
scattered throughout individual crystals of quartz (Figure 4.14 ). Calcite inclusions are 
oval to rectangular and -1 ~ in diameter. 
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Quartz that replaced carbonates contains four types of fluid inclusions. The frrst 
and most abundant are Type 20. Salinities are fairly evenly distributed and range from 
0 to 10 wt.% NaCl equivalent (Figure 4.15). Homogenization temperatures range from 
200° to 245°C with a mode at 225°C (Figure 4.16). 
The second population of inclusions is Type 2C. C02-clathrates were observed 
in eight inclusions, and clathrate melting temperarures range from+ 2.5° to + 8.6°C. 
When these temperatures are converted to salinities, the salinities range from 3 to 14 
wt.% NaCl equivalent (Figure 4.17) (Collins, 1979). No homogenization temperatures 
were obtained because of small inclusion size. Raman spectroscopy analyses of 
eighteen Type 2D and 2C inclusions detected minor C02 in eight inclusions; neither H2S 
or CI-4 were identified. 
Type 2B or 2F inclusions that generate a third phase (vapor) upon cooling were 
observed but are sparse. No data were obtained due to small size of the inclusions. A 
few three-phase inclusions also were observed but also were too small for data 
collection. 
Quartz that replaced barite: 
Individual quartz crystals < 1 to 200 J.lro in length and exhibiting jasperoidal 
texrures contain microscopic barite inclusions (1-30 ~min diameter) that were trapped 
during replacement of barite (Figure 4.18). Calcite inclusions may or may not be 
present. 
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Figure 4.14 Photomicrograph of a quartz crystal replacing carbonates. Inclusions of 
calcite are aligned along growth zones (20x, plain polarized light, field of view = 400 
fllll). (qtz xl =hexagonal quartz crystal, cc =calcite, py =pyrite) 
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Figure 4.15 Frequency-salinity histogram for primary and secondary, two-phase, 
liquid-vapor, aqueous inclusions (Type 2D) in quartz that replaced carbonates in the 
Main Gold Ore Stage. 
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Figure 4.16 Frequency-homogenization temperature histogram for primary and 
secondary, two-phase, liquid-vapor, aqueous inclusions (Type 2D) in quartz that 
replaced carbonates in the Main Gold Ore Stage. 
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Figure 4.17 Frequency-salinity histogram for two-phase, H20-C02 (Type 2C), liquid-
rich, fluid inclusions in quartz that replaced carbonates. Salinities are interpreted from 
clathrate melting temperatures (Collins, 1979). 
Figure 4.18 Photomicrograph of a quartz crystal that has a trapped remnant of barite 
with fluid inclusions ( 40x, polarized light, field of view ~ 200 fim). 
(ba ~barite, qtz ~quartz) 
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Quartz that replaced barite contains Type 20 fluid inclusions. Salinities range 
from 0 to 9 wt.% NaCl equivalent (Figure 4.19) with modes at 0 to 1 wt.% and 3 to 6 
wt.% NaCI equivalent. Homogenization temperatures range from 150° to 250°C with a 
mode from 200° to 225"C (Figure 4.20). No COz or Cli4 were detected by 
rnicrothermometry or crushing studies. 
Clean quartz: 
The term clean quartz was chosen to identify quartz that contained no inclusions 
of barite or calcite and is relatively clear. Quartz grains are euhedral to anhedral, < 20 to 
200 J.Ull in length, and contains no inclusions of barite or calcite (Figure 4.12). Clean 
quartz exhibiting comb textures also is present along fine (200-600 J.lm wide) fractures. 
Clean quartz contains Type 20 fluid inclusions. Salinities range from 0 to 7 
wt.% NaCl equivalent with a mode from 3 to 6 wt.% NaCl equivalent (Figure 4.21) . 
Homogenization temperatures range from 17 5° to 245°C with a mode from 200" to 
225°C (Figure 4.22). Crushing tests and rnicrothermometry did not indicate the 
presence of C02 or Cli4. 
Barite: 
Although barite precipitated prior to minerals in the Gold Ore Stage, it is very 
brittle, fractures by thermal shock, collects fluids easily, and contains fluids that parallel 
the characteristics of the fluids in the jasperoidal quartz. Of the five inclusion types 
recognized in barite, none were identified as primary. Type 2D inclusions are the most 
abundant inclusions, and they lie along cleavage planes or are randomly distributed. 
Salinities range from 0 to 11 wt.% NaCI equivalent (Figure 4.23) with a mode at 2.5 
wt.% NaCI equivalent. 
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Figure 4.19 Frequency-salinity histogram for primary and secondary, two-phase, 
liquid-vapor, aqueous inclusions (Type 2D) in quartz that replaced barite in the Main 
Gold Ore Stage. 
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Figure 4.20 Frequency-homogenization temperature histogram for primary and 
secondary, two-phase, liquid-vapor, aqueous inclusions (Type 2D) in quartz that 
replaced barite in the Main Gold Ore Stage. 
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Figure 4.21 Frequency-salinity histogram for primary and secondary, two-phase, 
liquid-vapor, aqueous inclusions (Type 2D) in clean quanz from the Main Gold Ore 
Stage. 
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Figure 4.22 Frequency-homogenization temperature histogram for primary and 
secondary, two-phase, liquid-vapor, aqueous inclusions (Type 2D) in clean quartz from 
the Main Gold Ore Stage. 
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Figure 4.23 Frequency-salinity histogram for secondary, two-phase, liquid-vapor, 
aqueous inclusions (Type 2D) in barite from the Early Mineralization Stage that contain 
fluid from the Main Gold Ore Stage. 
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Type 2C inclusions are moderately abundant and comprise 25% of the analyzed 
inclusions. These fluid inclusions also lie along cleavage planes as well as being 
randomly distributed. Twenty-one inclusions exhibited COz-clathrates that melted 
between+ 0.3° to + 8.3°C. When CD2-clathrates melting temperatures are converted to 
salinities, the range is from 4 to 16 wt.% NaCl equivalent (Figure 4.24) (Collins, 
1979). 
The third type of two-phase inclusions are Type 2E that homogenize to C02 
liquid upon heating from 25.1° to 25.4°C. These inclusions are minor in abundance. 
The fourth and fifth type of fluid inclusions in barite are one-phase at room 
temperature (25°C) and many appear empty (Type !C). These possibly contain water 
vapor because they exhibit no phase changes upon freezing or heating. A small number 
of inclusions are CD2-rich, contain liquid CD2 (Type !B), and are dark and oval-shaped 
(Figure 4.25). They nucleate a vapor bubble when cooled, and the two phases 
homogenize to liquid on heating at 19.5°C. 
No homogenization temperatures were determined for HzO-COz inclusions in 
barite. The possibility of inclusions in barite stretching due to increased internal 
pressure when heated can cause homogenization data to be unreliable (Ulrich and 
Bodnar, 1988; Bodnar and Bethke, 1984). 
Crushing tests on barite (sample 1446) indicated the presence of C02 by an 
explosion of bubbles when inclusions were opened in glycerine. When the sample was 
immersed in kerosene and crushed to detect Clf4, no bubbles were evident. Raman 
spectroscopy analyses of fourteen two-phase inclusions detected minor CD2 in five 
inclusions (Type 2C) but no HzS or Cf4. A single two-phase fluid inclusion contained 
liquid C02. Cf4 and minor H2S (Type 2E). 
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Figure 4.24 Frequency-salinity histogram of twenty-one two-phase, H20-C02_ (Type 
2C), liquid-rich, fluid inclusions in barite. Salinities are interpreted from clathrate 
melting temperatures (Collins, 1979). 
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Figure 4.25 Photomicrograph of high-density liquid C02 inclusions (Type lB) that are 
large (-l51J.m in diameter), dark, and oval shaped (40x, plain polarized light, field of 
view= 200 !J.m). (f.i.'s =fluid inclusions, ba =barite) 
Barite was used for quadrupole mass spectrometer (QMS) analyses because it 
was coarse and easily separated, whereas, quartz was too intimately intergrown with 
pyrite. QMS analyses of 46 inclusions in barite (sample 1446) indicated the major 
component trapped in the inclusions was HzO (Figure 4.26; Appendix III). C02 was 
detected in all inclusions, ranged from 0 to 20 mole% (Figure 4.27), and exhibited a 
mode at 2 to 4 mole%. Minor amounts of Cf4, Nz, and HzS were detected in 12, 7, 
and 6 inclusions, respectively, with 4.7 mole% CH4 being detected in one inclusion. 
The presence of HzS is important because it provides H and S for the formation of a 
bisulfide complex necessary to transport gold. A ternary plot of COz, Nz, and Cf4 
indicates variable gas compositions (Figure 4.28). Eight inclusions contained;;:: 11 
mole% COz and no additional gases. 
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Laser Raman studies detected COz in one-third of the inclusions analyzed in 
barite and jasperoid quartz, and micro thermometric studies detected COz in several 
inclusions in barite and jasperoidal quartz. Since QMS analyses indicated all inclusions 
in barite contained COz, some or all2D aqueous inclusions may actually be 2C (HzO-
COz) inclusions, containing minimal COz not detectable by Raman analyses or 
microthermometric methods. 
Monzonite Dike: 
Type 2D inclusions are present in quartz phenocrysts in the monzonite dike. 
The inclusions are secondary and occur in healed fractures in the phenocrysts. These 
inclusions are 1 to 7 j..Lm in diameter and contain fluids with salinities ranging from 1 to 
7 wt% NaCI equivalent with a mode at 4.5 wt.% (Figure 4.29). Homogenization 
temperatures range from 155° to 245°C (Figure 4.30). Two inclusions were present 
with high salinities (14 and 18 wt.% NaCI equivalent) (Appendix II). 
Microthermometric testing revealed no COz. 
Figure 4.26 A ternary diagram of quadrupole mass sectrometer analyses 
of 46 inclusions in barite indicate that the primary fluid trapped in the inclusions 
was H20. 
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Figure 4.27 Frequency-mole% C02 histogram of forty-six two-phase, H20-C02 (Type 
2C), liquid-rich, fluid inclusions in barite. Data are from QMS analyses. 
Figure 4.28 A ternary plot of COz, CH4 , and N2 indicated 3 groupings: 45 
inclusions contained C02 and no other gases; 5 contained CH4-C02 ; and 
7 contained N2 - CH4 -C02. Inclusions were analyzed in barite. 
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Figure 4.29 Frequency-salinity histogram for secondary, two-phase, liquid-vapor, 
aqueous inclusions (Type 2D) in phenocrysts in quartz monzonite. 
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Figure 4.30 Frequency-homogenization temperature histogram for secondary, two-
phase, liquid-vapor, aqueous inclusions (Type 2D) in phenocrysts in quartz monzonite. 
Late Gold Ore Stage 
The Late Gold Ore Stage fills fractures and vugs, cements late tectonic and 
collapse breccia clasts, and cross-cuts all earlier stages. Minerals in this stage include 
clear, coarse, euhedral calcite; anhedral to euhedral, clear quartz; acicular stibnite; 
euhedral, clear barite; and cubes, pyritohedrons, or brassy colloform veinlets of pyrite 
(Figure 4.31 ). Spherulites of marcasite were detected by secondary ion secondary ion 
mass spectrometery and contained minor gold along with pyrite. 
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Minerals fill the veinlets in various sequences and cross-cutting relationships are 
not plentiful or complete enough to establish a fum minetal paragenesis. Fractures are 
filled by bright, brassy colloform pyrite, radiating crystals of clear, euhedral barite, and 
acicular stibnite. The remaining open space was filled by clear calcite. In other veinlets, 
only clear comb-textured quartz, clear barite, and calcite are present. Pyritohedrons or 
cubes of pyrite are intergrown with stibnite needles in these late fractures. The last 
minetal to fill the fractures was always coarse, white calcite. 
Secondary ion mass spectrometery analyses of pyrite and marcasite in a fracture 
from the Late Gold Ore Stage in sample EX-53C 1810 (Figure 4.32) indicate coarse-
grained pyrite is overgrown by later fine-grained marcasite. A total of twelve spots were 
analyzed in five areas along the fracture (Table 5). The center of the coarse pyrite 
contains low gold (1.5 ppm) compared to the thin coating of marcasite (7.8 ppm) and 
the marcasite spherulites (9.7 ppm) (Table 5). The same pattern was observed in a 
second area. The center portion of pyrite contains 1.0 ppm gold, the marcasite coating 
contains 9.3 ppm gold, and the later marcasite contains 14.2 ppm gold. Four additional 
spots in fine-grained marcasite contain between 14.2 and 54.7 ppm gold. The coarse 
pyrite in the late fracture contains very minor gold while the gold-bearing fine-grained 
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Figure 4.31 Photomicrograph of the Late Gold Ore Stage. Minerals in this stage 
include calcite, euhedral quartz, barite, acicular stibnite, pyrite, and marcasite (5x, 
polarized and reflected light, field of view= 1600 ~m). (cc =calcite, qtz xl = euhedral 
quartz, stib = stibnite, py/mr =pyrite and marcasite) 
(a) 34S 
Figure 4.32 Ion distribution maps offine-grained marcasite (sample 1810) from the 
Late Gold Ore Stage showing (a) sulfur, (b) arsenic, and (c) gold inhomogeneously 
distributed in the form of colloidal-size particulates (diameter of view = !50 11m.). 
(arrow points to colloidal-size gold inclusions) 
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(b) 75As 
(c) 197Au 
marcasite, as shown from the ion maps, is irregularly distributed in the form of 
colloidal-sized particles (Figure 4.32). 
Barite, calcite, and quartz in the Late Gold Ore Stage are devoid of fluid 
inclusions. Fluids from which these minerals precipitated may be present in secondary 
inclusions in earlier stages. 
Post-Ore Stage 
7 1 
Oxidation is very minor and only present locally in this core hole. Probably of a 
supergene nature, oxidation consists of individual microscopic red hematite crystals, 
stibiconite, and iron-oxide rimming pyrite. 
Interpretation and Summary 
Pyrobitumen and the euhedral quartz crystals in Substage I of the Early 
Mineralization Stage are temporally related by their temperatures of formation and by 
their textural relationships to the base metal minerals. The high salinity H20 fluids (> 10 
wt.% NaCl equivalent) (Figure 4.3) trapped by the euhedral quartz crystals are 
interpreted to be basinal brines, and the high homogenization temperatures (220° to 
280°C} (Figure 4.4) recorded may reflect the intrusion of the near-by Cretaceous 
Goldstrike pluton (Harris, 1993, personal comm.). Pyrobitumen also may have formed 
from the heat generated by the Cretaceous plutons (Kuehn, 1989) relating pyrobitumen 
and the euhedral quartz in time. 
Primary fluids (Type 2A) typical of the base metal stage are contained in 
inclusions in amber sphalerite and have salinities of 9 to 20 wt.% NaCl equivalent 
(Figure 4.8) and homogenization temperatures of 210" to 220°C (Figure 4.9). The 
lower salinities ofpritnary fluids (9-10 wt.% NaCl equivalent) in Substage II may 
indicate that the earlier higher salinity fluids (20 wt.% NaCl equivalent) are mixing with 
a lower salinity fluid, or the lower salinity fluids may represent an influx of a different 
fluid. Secondary (Type 20) fluids in Substage II minerals are similar to later fluids. 
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The Main Gold Ore Stage consists of gold-bearing, fine-grained arsenian pyrite, 
jasperoidal quartz, quartz that replaced barite, and clean quartz and contains textural 
relationships and microthermometic data that suggest three separate fluids or one fluid 
that evolved over time may have been present. The following arguments suggest that 
earlier fluids were trapped by jasperoidal quartz and barite, and later fluids were trapped 
by quartz that replaced barite and clean quartz. 
First, four relationships suggest that much of the jasperoidal quartz is earlier than 
the clean quartz and quartz after barite. (1) Low-grade gold or gold-free pyritohedrons 
(5-30 ~-tm) share mutual grain boundaries with jasperoidal quartz after carbonates 
suggesting simultaneous precipitation. (2) Gold-rich, fine-grained pyrite forms rims on 
low-grade gold or gold-free pyritohedrons. (3) Clean quartz shares mutual grain 
boundaries and formed simultaneously with the quartz that replaced barite. (4) Clean 
quartz and quartz that replaced barite are intimately intergrown with gold-bearing, fine-
grained arsenian pyrite ( < 5 ~-tm). Therefore, since clean quartz and quartz that replaced 
barite are intimately intergrown with gold-bearing, fine-grained arsenian pyrite ( < 5 
~-tm), and this pyrite forms rims on earlier low-grade gold or gold-free pyritohedrons (5-
30 ~-tm) that is intergrown with the jasperoidal quartz, much of the jasperoidal quartz 
must have formed first. 
Second, both jasperoidal quartz and barite trapped Type 2C H20-C{)z fluids 
with similar salinities (Figure 4.33). Also present in jasperoidal quartz are H20 fluids 
(Type 20) trapped in inclusions that have salinities of 0 to 10 wt.% NaCl equivalent 
(Figure 4.15) and homogenization temperatures of 200° to 245°C (Figure 4.16). Some 
or all of these Type 20 inclusions may be Type 2C inclusions containing a minor 
amount of undetectable C{)z. 
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Figure 4.33 Frequency-salinity histogram for two-phase, H20-C02 (Type 2C), liquid-
rich, fluid inclusions in jasperoid quartz and in barite. Salinities were determined from 
clathrate melting temperatures (Collins, 1979). 
Third, fluids trapped in inclusions in quartz that replaced barite and in clean 
quartz intergrown with the gold-bearing pyrite contained no detectable C~. Also, 
salinities in these C~-free inclusions are not generally as high as salinities of the 
jasperoidal quartz after carbonates (Table 4a and Table 4b). Additionally, the 
homogenization temperatures in inclusions in quartz that replaced barite (150°-195°C) 
and clean quartz (175°-185°C) (Figure 4.34a) extend to lower temperatures than 
homogenization temperatures found in jasperoidal quartz after carbonates (200°C) 
(Figure 4.34b and Table 4a). Collectively, these observations suggest that jasperoidal 
quartz and barite are paragenetically earlier than quartz that replaced barite and clean 
quartz and that fluids trapped by these two assemblages differ. 
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Figure 4.34 Frequency-homogenization temperature histograms for (a) primary and 
secondary, two-phase, liquid-vapor, aqueous inclusions (Type 2D) in quartz that 
replaced barite and clean quartz indicating that homogenization temperatures extend 
below the low homogenization temperatures found in (b) jasperoidal quartz. 
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The prominent bimodal salinity distribution (0 to 1 wt.% and 3 to 6 wt.% NaCI 
equivalent) in inclusions in quartz that replaced barite (Figure 4.19) suggests that 
another, very low salinity fluid may have been present during the Main Gold Ore Stage. 
These low salinity inclusions (0-1 wt.% NaCl equivalent) might represent later fluids; 
however, these fluids are only weakly recorded in clean quartz (Table 4a). Thus, the 
significance and timing of these fluids are unclear. 
H20-C()z fluids trapped in two inclusions in jasperoidal quartz have salinities of 
12 to 14 wt.% NaCl equivalent (Figure 4.17). Barite trapped eight H20-C02 
inclusions with salinities of 12 to 16 wt.% NaCl equivalent (Figure 4.24). The 
presence of COz was indicated by the formation of clathrate, and the salinities were 
determined from clathrate melting temperatures in all of these inclusions. The salinities 
of all Type 2C inclusions trapped by jasperoidal quartz and barite exhibit similar ranges 
(Figure 4.33). These ten inclusions are the only inclusions known to contain H20 and 
COz and have salinities of greater than 10 wt.% NaCl equivalent. Because barite and 
some jasperoidal quartz formed prior to the Main Gold Ore Stage, these fluids may be 
Early Mineralization Stage fluids. Alternatively, these fluids may be a mixture of early 
saline (Type 2A) fluids and low salinity (Type 2C) fluids. The small number of 
inclusions suggest that a mixing of fluids in intersecting fractures is a likely possibility. 
At least three distinct fluids have been identified in Main Gold Ore Stage 
minerals. Whether multiple fluids were present at the same time and mixed or were 
present at different times has not been determined. Although mixing of two fluids with 
different homogenization temperatures and salinities normally is indicated by mixing 
trends (Hedenquist and Henley, 1985), mixing may be less obvious when 
homogenization temperatures and salinities are similar. Kuehn (1989) required oxygen 
isotope analyses to recognize the presence of two fluids in the Carlin deposit, as fluid 
inclusion data alone could not distinguish the two fluids. 
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Therefore, fluid inclusion data collected from Main Gold Ore Stage minerals in 
the Purple Vein orebody suggest that H20-C(h fluids with a salinities~ 10 wt.% NaCl 
equivalent and minimum trapping temperatures of 150° to 250°C and a mode of 200° to 
225°C (Figure 4.35) were present prior to during the Main Gold Ore Stage. These H20-
COz fluids that contain minor, but significant H2S (Figure 28), were capable of 
transporting gold, decarbonatizing the sediments (Hofstra et al., 1991 ), silicifying the 
host rocks as fluid temperature declined (Fournier, 1985), and precipitating gold and 
pyrite as fluids effervesced C(h, and reacting with Fe-bearing wallrocks (Hofstra et al., 
1991). The presence of one-, two-, and three-phase C02-rich fluid inclusions indicates 
that HzO-C(h effervescence occurred. The variable C(h compositions may reflect 
variable pressures (Bodnar et al., 1985). Data further suggest that a fluid lacking C02 
or containing little COz with slightly lower temperatures and salinity was present, and a 
third very low salinity fluid also was present as documented by inclusions in jasperoidal 
quartz and quartz that replaced barite. 
The Late Gold Ore Stage in the Purple Vein deposit consists of calcite, barite, 
stibnite, quartz, and minor gold-bearing marcasite and pyrite. A change in the fluid 
chemistry is indicated by the precipitation of barite and calcite; these minerals were 
unstable. No fluid inclusions were found in these minerals, but the fluid from which 
they precipitated may be trapped as secondary inclusions in earlier stages. 
The Post-Ore Stage consisting of veinlets of calcite, quartz, chalcedony, and 
hematite represents supergene oxidation that originated in a low pressure, low 
temperature environment and developed after erosion placed the ore body closer to the 
surface. 
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Figure 4.35 Frequency-homogenization temperature histogram of primary and 
secondary, two-phase, liquid-vapor, aqueous inclusions (Type 2D) < 10 wt.% NaCl 
equivalent from the Gold Ore Stage in the Purple Vein indicating a mode from 200° to 
225°C. 
CHAPTERS 
POST/BETZE STUDY 
Description of Drill Core P-324C 
Interbedded argillites, limestone debris flows, and carbonates with minor tuffs 
and dikes comprise the rocks of core hole P-324C (Figure 2.2) from the Post/Betze 
orebody. Many of the original sedimentary characteristics of the rocks (e.g., bedding 
and soft-sediment deformation) are still recognizable although the rocks have undergone 
diagenesis, faulting, intrusion, collapse brecciation, and alteration. Faulting and 
collapse of the beds and subsequent alteration and mineralization produced clasts of 
limestone debris, silicified limestone, and barite. Ore minerals are disseminated and 
cross-cutting relationships are rare. The paragenetic sequence (Figure 5.1) was 
determined through textural observations at a number of scales and from data collected 
from fluid inclusions in several host rocks and minerals. The sequence is divided into 
the Early Mineralization Stage, the Gold Ore Stage, and the Post-Ore Stage. 
Early Mineralization Stage 
Mineral Descriptions 
The Early Mineralization Stage consists of coarse-grained, anhedral crystals of 
gray-white calcite and white barite disseminated throughout the limestone, and small, 
irregular, discontinuous veinlets (0.05 to 1 mm in width) of calcite, barite, and quartz 
that cross-cut diagenetic pyrite cubes and soft-sediment deformation features. Quartz 
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Figure 5.1 Generalized paragenetic sequence for core hole P-324C of the 
Post/Betze deposit. Dashed lines indicate minor abundance; solid lines indicate 
significant abundance. 
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crystals in an interbedded tuff, quartz phenocrysts in an early dike, and calcite are pre-
ore and trapped Early Mineralization Stage fluids. 
Fluid Inclusion Data 
Quartz crystals in an interbedded tuff: 
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The interbedded tuff (sample 434) (Figure 5.2), reworked in the sediments, is 
intensely altered and consists of quartz, white micas, clays, pyrite, and arsenopyrite. 
Quartz crystals in the tuff (sample 434) contain Types 2A and 2D inclusions (Table 2). 
Fluids in the inclusions have a salinity range from 0 to 18 wt.% NaCI equivalent (Figure 
5.3; Table 6a and 6b) and homogenization temperatures from 125° to 245°C (Figure 
5.4). Type 2A and 2D inclusions are equal in abundance, range from 1 to 7 J.lm in 
diameter, and are secondary because they are present in healed fractures. The lower 
salinity inclusions (Type 20, 0 to -10 wt.% NaCI equivalent ) have moderate to high 
homogenization temperatures ( 160° - 245°C), whereas, the higher salinity group (Type 
2A, 11-18 wt.% NaCI equivalent) only exhibits lower homogenization temperatures 
(125° to 200°C) (Figure 5.5). 
Type 2C inclusions are 1 to 7 J.lm in diameter, are secondary because they are 
present in healed fractures, and were identified by the presence of C02-clathrate in three 
inclusions that melted at temperatures of+ 1.1 °C, + 8.2°C, and+ 16°C. C~-clathrate 
melting temperatures of 1.1° and 8.2°C indicate salinities of 14 and 4.5 wt.% NaCI 
equivalent, respectively (Collins, 1979). Because COz-clathrate melting does not extend 
above+ 10°C in the H20-C~-NaC! system, the melting temperature of+ l6°C indicates 
the presence of CRt or another gas (Roedder, 1984). No homogenization temperatures 
were determined due to the small size of the inclusions. 
Figure 5.2 Photomicrograph of an interbedded tuff containing quartz, micas, clays, 
arsenopyrite, and pyrite (20x, reflected light, field of view = 400 !J,m). 
(aspy =arsenopyrite, rni =micas, py =pyrite, cl "'clays) 
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Table 6a Data collected from primary and secondary fluid inclusions in the Post/Betze deposit. 
Stage Mineral 
Early 
Mineralization 
qtz in tuff 
qtz phenocrysts 
in dike 
calcite 
Gold 
Ore Stage 
jasperoidal quartz 
Time Salinity 
II II 2A&2D 
II l12JI.I. •• 
n .. ? ... IL L 
II- - -II 
Early 
Min. 
Stage 
Ore 0 
Stage 
I 
I 
2D 
wt.%NaCI 
equivalent 
Homogenization 
Temperature 
II 2A&2D 
~~ .. lllnl • I 
II I I 
II I 
2D 
12o•c zoo· 
Inclusion TC02 
Type 
II 
~ ~~~ 1 LJOC; s.z•c 
•II 2C (S) 16'C Tmc 
2A (S) II 2D (S) 
. ~ :~; 1!0.6• to 20'C Th 
4.8'C; 5.4'C Th 
II 2A (P) 
2D(S) 
275"C 
20 (P) 
2C (P) 
2F (P) 
3'-9°CTmc 
Note: T C02 is designated in a range or an individual measuremenL P; primary inclusions, S = secondary inclusions, 
Tmc = clathrate melting temperatnres, Th = COz liquid-vapor 10 liquid homogenization temperature. 
00 
N 
Table 6b Data for primary and secondary fluid inclusions in the Pos!/Betze deposit. Temperatures are ranges and modes of homogenization 
temperatures. aq =aqueous, wt.% = wt.% NaCI equivalent 
Primary Secondary 
Early Mineralization 
qt/tuff 
qtz/phenocryst 
calcite 
barite 
Gold Ore Stage 
jasperoid quartz 
2phase,aq(2A), 11-18wt.%; 140°-l85°C 
no data 
2 phase, aq (2D}, 0-8 wl %; 140°-175°C 
2 phase,aq (2D), 0-8 wt.%; 2l5°-275°C 
2 phase, H~COz (2C); 264°C, 2720C 
2 phase, COz (2F) 
arsenopyrite, pyrite/marcasite, stibnite, clays/micas 
Post Ore Stage 
calcite, quartz, chalcedony, hematite no data 
2 phase, aq (2A&D), 0-18wt. %; I25°-245°C 
2phase,(2A) 11-18 wt.%; l25°-200°C 
2 phase,(2D) 0-10 wt %; Hi0°-245°C 
2 phase, HzO-C(h (2C) 
2 phase, aq (2A), 14 wt.%; 155°C 
2 phase, aq (20), 2-6 wt.%; 202°C 
2 phase, HzO-C(h (2C), 200"C 
1 phase, CQz (I B) 
2 phase, aq (2D),0-10 wt.%; 140°·l85°C 
no data 
same 
same 
same 
same 
00 
w 
14 
... 
= quartz in interbedded tuff 0 12 s 
~ 10 ;:l 
"' 0$ 8 ~ 
~ 6 
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1l 4 
~ 2 
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Figure 5.3 Frequency-salinity histogram for secondary, two-phase, liquid-vapor, 
aqueous inclusions (Type 2A and 2D) in quartz in a interbedded tuff. 
quartz in interbedded tuff 
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Figure 5.4 Frequency-homogenization temperature histogram for primary and 
secondary, two-phase, liquid-vapor, aqueous inclusions (Type 2A and 2D) in quartz in 
a interbedded tuff. 
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Figure 5.5 Homogenization temperature-salinity diagram for secondary, two-phase, 
liquid-vapor, aqueous inclusions (Type 2A and 2D) in quartz in an interbedded tuff. 
Quartz phenocrysts: 
An altered latite dike (sample 540) contains quartz phenocrysts, white micas, 
clays, and pyrite. The quartz phenocrysts in the dike contain four types of fluid 
inclusions: Types 2A, 2D, 2C, and 1B (Table 6a and 6b). Types 2A and 2D are most 
abundant, are secondary occurring in healed fractures, and are 1 to 7 ~ in diameter. 
Salinities and temperatures fall into two tight groups (Figure 5.6). Salinities of fluids in 
Type 2D inclusions range from 2 to 6 wt.% NaCl equivalent and homogenization 
temperatures cluster at 202°C. Salinities of fluids in Type 2A inclusions cluster at 14 
wt.% NaCl equivalent and homogenization temperatures cluster at 155°C. 
Type 2C inclusions are 1 to 7 ).lm in diameter and secondary as they are present 
in healed fractures. COz·clathrates melt at+ 4.8° and+ 5.4°C. These temperatures 
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Figure 5.6 Homogenization temperature-salinity plot for secondary, two-phase, liquid-
vapor, aqueous inclusions (Type 2A and 2D) in quartz phenocrysts in a latite dike. 
salinities of 10 and 9.5 wt.% NaCl equivalent, respectively (Collins, 1979). Limited 
homogenization temperatures were collected at temperatures of-200°C. 
Type lB inclusions are least abundant, are secondary, and are 3 to 4j..Lm in 
diameter. Upon cooling, a vapor bubble nucleates, and the C02 phases homogenize 
during heating to the liquid phase at temperatures ranging from+ 10.6° to+ 20°C. 
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Calcite: 
Calcite contains Type 2A and 2D inclusions that are both primary and secondary 
and 1 to 4 J.Lm in diameter. Type 2D inclusions have a salinity range from 0 to 10 wt.% 
NaCI equivalent (Figure 5.7 and Table 6) with a mode from 6 to 7 wt.% NaCI. Type 
2A are evenly distributed over a salinity range from 11 wt% to 18 wt.% NaCI 
equivalent (Figure 5.7). Type 2D inclusions have irregular shapes, whereas, Type 2A 
inclusions are more regular in shape and sub-rounded. Type 2A inclusions are primary 
or formed after the calcite precipitated, but prior to later minerals, because they are not 
found in later stages. Type 2D are probably secondary and inclusions are similar to 
those present in later stages. No C02 or C~-clathrate was detected in any inclusions. 
Homogenization temperatures for both types range from 140° to 185°C (Figures 5.8 and 
5.9) with a mode at 150° to 155°C. 
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Figure 5.7 Frequency-salinity histogram for primary and secondary, two-phase, liquid-
vapor, aqueous inclusions (Type 2A and 2D) in calcite. 
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Figure 5.8 Frequency-homogenization temperature histogram for primary and 
secondary, two-phase, liquid-vapor, aqueous inclusions (Type 2A and 2D) in calcite. 
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Figure 5.9 Temperature-salinity diagram for primary and secondary, two-phase, liquid-
vapor, aqueous inclusions (Type 2A and 2D) in calcite. 
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Gold Ore Stage 
Mineral Descriptions 
The Gold Ore Stage is represented by jasperoidal quartz and disseminated pyrite-
marcasite, arsenopyrite, clays, micas, stibnite, and gold (Figure 5.1 ). Arsenopyrite 
forms early in the Gold Ore Stage (Arehart eta!., 1993b), and it is 1 to 25 J.lill in length 
and anhedral to euhedral (Figure 5.2). Jasperoidal quartz is clear to milky, 1 to 200 J.lill 
in length, anhedral to euhedral, and contains inclusions of calcite. Gold-bearing pyrite-
marcasite ( < 5 )!m) rims diagenetic pyrite cubes (Figure 5.1 0) or ftlls veinlets cross-
cutting diagenetic pyrite cubes (Private report, Barrick-Goldstrike, Chryssoulis, 1988; 
Arehart eta!., 1993b). Pyrite-marcasite is brassy gold in color, 1 to 25 )!min length, 
anhedral to euhedral, minor in abundance, and may be cubic, massive, or pyritohedron-
shaped (Figure 5.10). Stibnite is 1 to 25 )im in diameter, acicular, very minor in 
abundance, and present in quartz-lined vugs. Fluids from this stage were trapped in 
inclusions in jasperoidal quartz. 
Gold in the Post/Betze deposit was analyzed by SIMS (Private report, Barrick-
Goldstrike, Chryssoulis, 1988). Gold is present in pyrite-marcasite as a discrete phase 
ranging in size from 0.05 to 0.1 )im in diameter. Solid-solution gold in the arsenian 
pyrite and marcasite probably exists, but its presence has not been determined 
unequivocally. The principal gold-bearing minerals are pyrite and marcasite that have 
similar gold contents. Coarse-grained sulfides, quartz, carbonates, and graphitic carbon 
have no or minor gold, whereas, the fine-grained sulfides, clays, carbonates, graphite, 
and microcrystalline quartz have a higher gold content. Fine-grained disseminated 
sulfides have the highest gold concentrations (~ 3,200 ppm) (Private report, Barrick-
Goldstrike, Chryssoulis, 1988). 
Figure 5.10 Photomicrograph of hydrothennal pyrite-marcasite ( < 5 J.lm) rimming 
diagenetic pyrite cubes (40x, reflected light, field of view= 200 J.lffi). 
(py /mr = pyrite-marcasite, diag py = diagenetic pyrite) 
90 
91 
Fluid Inclusion Data 
Jasperoidal quanz contains three types of fluid inclusions, Types 2C, 20, and 
2F. Type 20 inclusions are most abundant, are primary and secondary, and are 1 to 7 
J.lm in diameter. Salinities range from 0 to 8 wt.% NaCl equivalent (Figure 5.11; Table 
6). Two ranges of homogenization temperatures are present: 140° to 175°C and 215° to 
275°C (Figure 5.12). 
Type 2C inclusions are both primary and secondary and 1 to 4 J..Lm in diameter. 
Several very small ( -1-2 J..Lm in diameter) primary fluid inclusions are attached to solid 
carbonate inclusions (Figure 5. 13) and display solid C02 melting as low as -57.5° 
indicating the presence of another gas. Type 2C inclusions not attached to solid 
inclusions display solid C~ melting at -56.6°C or contain C02-clathrate. C02-clathrate 
melting ranges from+ 3.5° to+ 8.1 °C. This range of temperatures indicates salinities of 
4 to 12 wt.% NaCl equivalent (Figure 5.14) (Collins, 1979). Two inclusions 
homogenized to liquid at 264°C and 274°C. 
Type 2F inclusions contain HzO and liquid COz at room temperature and 
nucleate a third phase, C02 vapor upon cooling below - -36°C, These inclusions are 1 
to 4 J..Lm in diameter, and their small size prohibited data collection, 
Post-Ore Stage 
Quanz, chalcedony, calcite, and iron oxides flll veinlets in the Post-Ore Stage 
that cross-cut all other stages. Since chalcedony and hematite normally represent a low 
pressure, low temperature environment (Fournier, 1985), this stage most likely 
represents supergene oxidation and developed following erosion when the ore body was 
closer to the surface. 
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Figure 5.11 Frequency-salinity histogram for primary and secondary, two-phase, 
liquid-vapor, aqueous inclusions (Type 2D) in jasperoidal quartz. 
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Figure 5.12 Frequency-homogenization temperature histogram for primary and 
secondary, two-phase, liquid-vapor, aqueous inclusions (Type 2D) in jasperoidal 
quartz. 
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Figure 5.13 Photomk:rograph of two-phase, HzO-C(h (Type 2C). liquid-rich, primary, 
l-2iJ.m, fluid inclusions attached to solid carbonate? inclusions injasperoidal quartz. 
( 40x, transmitted light, field of view = 200 J.Lm). 
(f.i. =fluid inclusion, carb inc.= solid carbonate? inclusions) 
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Figure 5.14 Frequency-salinity histogram for two-phase, H20-C02 (Type 2C), liquid-
rich, fluid inclusions in jasperoidal quartz interpreted from clathrate melting temperatures 
(Collins, 1979). 
Interpretation and Summary 
Early Mineralization Stage high salinity (11-18 wt.% NaCl equivalent),low 
temperature fluids were trapped in Type 2A fluid inclusions in calcite, quartz 
phenocrysts in a latite dike, and quartz crystals in an interbedded tuff and show a mode 
of 13 to 15 wt.% NaCl equivalent (Figure 5.15). No C02 was detected in these 
inclusions. The high temperatures recorded for these inclusions(- 200°C) are below 
temperatures recorded for other fluid inclusion types present and may be basinal brines 
(Figure 5.16) (Harris, 1993, personal comm.). The high salinities are not present in 
fluids in later stage minerals such as Ore Stage jasperoidal quartz. Type 2C and 2D 
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IIIII calcite 
Ill tuff 
.dike 
Figure 5.15 Frequency-salinity histogram for primary and secondary, two-phase, 
liquid-vapor, aqueous inclusions (Type 2A) in calcite, in quartz in an interbedded tuff, 
and in quartz phenocrysts in a latite dike from the Early Mineralization Stage. 
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Figure 5.16 Salinity-homogenization temperature plot for primary and secondary, two-
phase, liquid-vapor, aqueous inclusions (Type 2A and 2D) in calcite, in quartz in an 
interbedded tuff, and in quartz phenocrysts in a latite dike from the Early Mineralization 
Stage. 
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inclusions in quartz in an interbedded tuff and in quartz phenocrysts from a dike are 
generally lower in salinity and are typical of the later stages in the paragenetic sequence. 
Ore Stage pyrite-marcasite that contains gold in the Post/Betze deposit often 
shares grain boundaries with jasperoidal quartz. Therefore, Types 2C, 20, and 2F 
inclusions in jasperoidal quartz may have trapped hydrothermal fluids from the Gold Ore 
Stage. Jasperoidal quartz does not contain the higher salinity fluids from the Early 
Mineralization Stage indicating that Type 20 fluids are later than Type 2A fluids. Type 
20 inclusions in Early Mineralization Stage calcite and Type 1B, 2C, and 20 inclusions 
in quartz from a tuff and a dike also are interpreted to have trapped fluids from the Gold 
Ore Stage because these inclusions are either similar to the Type 20 fluid inclusions in 
jasperoidal quartz, or they contain COz as do the Type 2C and 2F inclusions in 
jasperoidal quartz. 
The presence of COz and minor CR! (or other gases) is indicated in Type 2C 
and 2F inclusions in jasperoidal quartz by solid COz melting from -56.6° to -57 .5°C, by 
the presence of clathrate, and by the presence of COz-rich fluid (lB) inclusions. One-, 
two-, and three-phase COz-rich fluid inclusions suggest fluid immiscibility occurred 
when a single phase HzO-C02 fluid effervesced C02 as a result of changing pressures 
or temperatures (Takenouchi and Kennedy, 1964; Roedder and Bodnar, 1980; Bodnar 
et al., 1985). All or some of the Type 20 inclusions may actually be Type 2C 
inclusions that contain minor undetected COz. 
Evidence for the presence of more than one fluid is suggested by a compilation 
of data from all fluid inclusions with salinities :;; 10 wt.% NaCl equivalent in Early 
Mineralization calcite, tuff, latite, and Ore Stage jasperoid quartz (Figures 5.17). Two 
salinity modes (2-4 wt.% and 6-7 wt.% NaCl equivalent) are present (Figures 5.17) 
indicating the presence of fluids with different salinities. Clathrate melting temperatures 
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Figure 5.17 Frequency-salinity histogram for primary and secondary, two-phase, 
liquid-vapor, aqueous inclusions (Type 2D) in all inclusions having salinities :o; 10 
wt.%. 
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Figure 5.18 Frequency-salinity histogram for two-phase, H20-C02 (Type 2C), liquid-
rich, fluid inclusions in jasperoidal quartz, in quartz in an interbedded tuff, and in quartz 
phenocrysts in a latite dike. Salinities were determined from clathrate melting 
temperatures (Collins, 1979). 
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A wide range of homogenization temperatures (140°-275°C) (Figure 5.19) is present 
with two modes, a major mode at 150° to 180°C and a small mode at 200° to 210°C, also 
suggesting the presence of more than one fluid. 
Therefore, fluid inclusion data show that fluids with a range of salinities, 
minimum homogenization temperatures, and H20-C02 compositions were present As 
at least some of these fluids are probably related to mineralization, data indicate that Ore 
Stage fluids contained$ 10 wt.% NaCI equivalent and had minimum trapping 
temperatures of 140° to 275°C. The presence of both H20-rich and C02-rich fluids 
suggest that C~ immiscibility occurred that would have changed the fluid chemistry 
and may have contributed to gold ore precipitation. 
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Figure 5.19 Frequency-homogenization temperature histogram for primary and 
secondary, two-phase, liquid-vapor, aqueous inclusions (Type 2D) in all inclusions 
having salinities$ 10 wt.%. 
CHAPTER 6 
COMPARISON OF THE FLUIDS OF THE PURPLE VEIN, 
POST/BETZE, AND OTHER CARLIN-TYPE OREBODIES 
Early Mineralization Stage 
The mineral parageneses of the Early Mineralization Stages of the Purple Vein 
and Post/Betze deposits contained in each drill core are not similar. Samples from the 
Purple Vein core hole contain solid, high-reflectance pyrobitumen, euhedral quartz 
crystals, and a base metal suite. Samples from Post/Betze contain calcite veinlets and no 
pyrobitumen. However, when the data from these systems are compared to the Ren, 
Carlin, and Jerritt Canyon deposits, similarities in mineral and fluid parageneses emerge 
(Table 7). Albino (1993, personal comm.) described large, euhedral quartz crystals at 
the Ren deposit as forming early in the paragenetic sequence. Microscopically these 
appear to be very similar to the quartz crystals in the Purple Vein orebody (Lamb, 
unpub. data, 1993). 
Pyrobitumen in the Purple Vein deposit is very similar to that found in the early 
stages of the Carlin deposit described by Kuehn ( 1989). He determined that in Late 
Devonian to Early Mississippian time, petroleum generation from the Roberts Mountain 
Formation was promoted by deep burial during or after the Antler orogeny. Secondary 
migration of petroleum into Triassic and Jurassic age structures occurred and thermal 
hardening of oil residues to present-day solid, high reflectance pyrobitumen halted 
migration. During district-wide Early Cretaceous plutonic activity, elevated thermal 
gradients were probably established. Hydrocarbons at Carlin would have matured from 
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Table 7 Comparison chart of fluids and minerals identified in five Carlin-type deposits. 
Earlv Mineralization QQl!.l Qr;; ,S!llg;; 1 :a1~ r~•a ar~ 
base metals 
minerals wl% wt.% Th ("C) wt.% NaCl minerals wt.% wt.% ThCC) Theq gas minerals 
NaCI mode Th ("C) NaCI mode mode 
minerals 
Purple Vein quartz ll-20 16-18 220-280 9-20wt.% quartz :510 0-1 200-225 COz calcite 
pyrobitumen 210-220"C pyrite 2-6 barite 
sphalerite stibnite 
sulfosalts pyrite 
barite marcasite 
quartz 
Post/Betze calcite ll-18 13-15 125-200 quartz ::>10 2-4 150-180 COz calcite 
pyrite 6-7 200-210 barite 
arsenopyrite 
pyrite 
quartz 
Carlin calcite <!16 150-160 9.7-16.7 wt.% quartz <5 3±1 215±30 COz calcite 
(Kuehn, barite barite pyrite barite 
1989) pyrobitumen galena realgar 
(Radtke, sphalerite orpiment 
1985) stibnite 
Jerritt 
Canyon quartz <15 140-260 quartz <10 180-260 COz 
(Hofslra et pyrile <1 <200 H2S 
al., 1991) N2 
Ren quartz sphalerile calcite 
(Albino, barite Cu-sulfosalts pyrite 
1994) galena stibnile 
barite ,..... 
0 
0 
101 
petroleum (bitumen) to pyrobitumen and CF4 within tens of millions of years after 
being exposed to 155° ± 20°C. The duration of heating required to attain reflectance 
> 3.5 percent (that of solid high-reflectance pyrobitumen) corresponds to the rdllge of 
ages of Cretaceous intrusions in the district (130-190 Ma). 
Calcite veinlets identified in the Post/Betze deposit were determined to have 
formed early in the paragenetic sequence. Kuehn (1989), Bakken and Einaudi (1986), 
and Bakken (1990) described similar calcite veinlets early in the paragenetic sequence at 
the Carlin deposit. 
Mineral associations similar to the base metal portion of the Early 
Mineralization Stage at the Purple Vein are found at other Carlin-type deposits. Albino 
(1994) described an early base metal- and barite-rich stage consisting of honey-colored 
sphalerite, rare galena, Cu-sulfosalts, and massive, coarse-grained barite at the Ren 
deposit. A base metal stage containing barite, galena, and sphalerite also was identified 
at the Carlin deposit (Radtke, 1985; Bakken and Einaudi, 1986; Hausen and Kerr, 
1968). Radtke ( 1985) suggested these veins formed after the gold mineralization and 
Bakken and Einaudi (1986) report them late in the paragenetic sequence. Both Kuehn 
( 1989) and Hausen ( 1967) suggested that the barite veins pre-dated gold mineralization. 
Kuehn (1989) cited as evidence: (1) As± Sb-bearing sulfosalts rimming or replacing 
primary base metal sulfides; (2) some barite veins are cut by hydrocarbon veinlets; (3) 
barite ±base metal veins are cross-cut by jasperoid quartz; and ( 4) secondary C~-rich 
and saline aqueous fluid inclusions, and CH4-rich inclusions detected by crushing tests 
are present in these veinlets. 
Microthermometric studies of fluid inclusions from the Early Mineralization 
Stage of the Purple Vein, (substage I- 11·20 wt% NaCI equivalent, mode 16-18 wt.%; 
Th 220°-280°C; substage ll- base metal stage, 9-20 wt.% NaCl equivalent, Th 210°-
2200C) (Table 4 and Table 7) and the Post/Betze deposits (11-18 wt.% NaCl equivalent, 
Th l25°-200°C) (Table 6 and Table 7) indicated similar salinities but differences in 
homogenization temperatures. However, early PosVBetze fluids are similar to the 
earliest inclusion fluids at the Carlin deposit that have salinities of;?: 16.3 wt.% NaCI 
equivalent and homogenization temperatures of 150°-l60°C (Table 7). These high 
salinity fluid inclusions are associated with the early hydrocarbon stage containing 
pyrobitumen and are interpreted to be "oil field brines" (Kuehn, 1989). 
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The early, high salinity Purple Vein fluids with high temperatures appear to have 
no counterparts at other deposits examined. However, they can be explained by studies 
by Hanis (1993, personal comm.) who determined temperatures of basinal brines at the 
Purple Vein deposit to be much higher than those at the Carlin deposit because of the 
proximity of the Purple Vein to the Golds trike pluton. In this region, brine temperatures 
reached at least 250°C and possibly greater than 300°C (Harris, 1993, personal comm.). 
Auids trapped during the base metal stage at the Purple Vein orebody are similar 
to fluids identified at both the Carlin deposit and Jerritt Canyon deposits. The base 
metal stage fluids at the Carlin deposit had salinities of 9.7 to 16.7 wt.% NaCl 
equivalent (Radtke, 1985), and Hofstra (1994) reported paragenetically early fluid 
inclusions at the Jerritt Canyon deposit to contain< 15 wt.% NaCl equivalent with 
homogenization temperatures from 140° to 260°C (Table 7). 
Main Gold Ore Stage 
The Gold Ore Stages intersected by the two drill holes are similar in mineralogy, 
but they differ in mineral abundances. The Purple Vein orebody is intensely silicified, 
pyritized, and brecciated, whereas, the PosVBetze deposit contains rare silicification, 
minor pyritization, and moderate argillic alteration. 
The parageneses of the Purple Vein and PosVBetze Gold Ore Stages are fairly 
typical of Carlin-type deposits. A generalized paragenetic sequence (Figure 6.1) for 
Carlin-type deposits (Arehart et al., 1993a), that includes the PosVBetze deposit, 
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Figure 6.1 Generalized paragenetic sequence from Arehart ( 1993a) for 
sediment-hosted disseminated gold deposits. 
Mineral abbreviations: As py/mc = arsenian pyrite/marcasite, 
As, Sb ox =arsenic and antimony oxides, jasp = jasperoidal quartz. 
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indicates a paragenesis not unlike those determined in this study for the Purple Vein and 
Post/Betze deposits (Table 7). 
One important characteristic now known at some Carlin-type deposits is the 
location and nature of the gold. Quantitative ion probe microanalyses and mapping of 
gold in pyrite and marcasite grains from the Post/Betze (Chryssoulis, 1988) and Purple 
Vein (this study) ore bodies indicate gold-bearing, fine-grained arsenian pyrite and 
marcasite precipitated as rims on earlier coarse- and medium-grained pyrite. Extensive 
studies by Bakken et al. (1989, 1991) and Arehart et al. (1989, 1993a, 1993b) indicated 
gold is present in arsenian pyrite as overgrowth rims and in narrow veinlets cross-
cutting gold-free pyrite in the Post/Betze deposit and other Carlin-type deposits. Bakken 
et al. (1989) and Chryssoulis (1988) also indicated gold was associated with other 
minerals: clays, quartz, and carbonates. The association of gold with other minerals 
has not been documented at the Purple Vein deposit. 
Ore fluid characteristics (e.g., salinity, temperature, and gas content) determined 
in this study by mietothermometric methods in Main Gold Ore Stage of each deposit are 
generally similar but differ in detail. The dominant fluids in both systems, however, are 
aqueous. Salinities for aqueous fluids in the Main Gold Ore Stage in both deposits are 
$ 10 wt.% NaCl equivalent. The salinity range of the Purple Vein fluids contains two 
modes, 0 to 1 wt.% and 2 to 6 wt.% NaCl equivalent (Figure 6.2), whereas, the 
salinity of the fluids in the Post/Betze deposit contained modes of 2 to 4 wt.% and - 6 to 
7 wt.% NaCl equivalent (Figure 5.17). No corrections were made for the presence of 
C(h. The most abundant group of inclusions in the Purple Vein homogenize from 200° 
to 225°C (Figure 4.35), whereas, a few inclusions homogenize from 175° to 190°C. 
For the Post/Betze fluids, temperature modes are 1500 ·180°C and 200°-210°C (Figure 
5.19) with the former mode being much larger. 
Salinity (wt.% NaCl equivalent) 
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0 clean quartz 
ll!l quartz rep. barite 
121 quartz rep. carbonate! 
ll!1l quartz monzonite 
1111 sphalerite 
• barite 
Figure 6.2 Frequency-salinity histogram of primary and secondary, two-phase, liquid-
vapor, aqueous inclusions (Type 2D) < 10 wt.% NaCI equivalent of the Gold Ore Stage 
in the Purple Vein indicating a mode of 0 to I and 2 to 6 wt.%. 
Microthermometry, Raman spectroscopy, QMS, and crushing tests detected 
minor C02 in several aqueous inclusions in both deposits, and a sparse number of 
c~-rich inclusions containing liquid c~. The occurrence of inclusions with variable 
C~ can be evidence for immiscibility of the fluids (See Chapter 7). Furthermore, if 
C~ is visible as a separate phase, then an estimate of<': 5 mole% C02 in the inclusion 
may be made (Bodnar et al., 1985). Both the Purple Vein and Post/Betze deposits have 
fluid inclusions with a visible liquid c~ phase, and these fluid inclusions may 
represent the Main Gold Ore Stage fluids in both deposits. In addition, QMS analysis of 
barite from the Purple Vein indicated that c:I-4, Nz, HzS, and C02 are present in some 
inclusions (Figure 28 and Appendix III). 
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Microthennometric srudies conducted on other Carlin-type deposits indicate 
similar fluid characteristics. Data from the Main Gold Ore Stage at the Carlin deposit 
indicated salinities of< 5 wt.% NaCl equivalent and a mode- 3 ± 1 wt.% NaCl 
equivalent. Homogenization tempemtures were 215° ± 30°C. CO:z was determined to 
be 2: 5 mole% (Kuehn, 1989). Hofstra (1994) determined the ore-bearing fluids at the 
Jerritt Canyon deposit to be highly evolved meteoric water with temperarures of 1800 to 
2600C, salinities of< 10 wt.% NaCl equivalent, and -2 to 4 mole% COz. A second 
fluid at Jerritt Canyon is represented by cool ( < 200°C), dilute ( < I wt.% ), meteroric 
water with< 0.5 mole% COz (Table 7) (Landis and Hofstra, 1991; Hofstra et al., 
1991). Ternary diagrams of QMS data from the Purple Vein compared to data for ore 
stages at Jerritt Canyon indicate similar patterns of gas composition collected from fluid 
inclusions (Figure 6.3a and 6.3b). Thus, the salinities, homogenization temperatures, 
and mole% CO:z of fluids from the Carlin and Jerritt Canyon deposits are very similar to 
those determined at the Purple Vein and Post/Betze deposits. 
Late Gold Ore Stage 
The Late Gold Ore Stage at the Purple Vein represents a change in fluid character 
as indicated by the precipitation of barite, calcite, and stibnite along with the quartz and 
pyrite in veinlets. Fluids were less acidic as indicated by calcite stability. Barite is also 
stable during this stage. Ion microprobe examination indicates that pyrite and marcasite 
in Late Gold Ore Stage veinlets contain 1.5 to 54.7 ppm gold. 
The Post/Betze drill core exhibits a similar mineral assemblage, but the minerals 
are disseminated mther than in veinlets as in the Purple Vein deposit. The minerals in 
this stage are the same as those described in veinlets by Radtke (1985) as post main-
stage hydrothermal quartz± barite± stibnite ±calcite at the Carlin deposit. Radtke 
(1985) interpreted this assemblage to represent late-stage oxidation of fluids. 
HzO 
Figure 6.3a Ternary HzO·CO:l-Cfi! diagram (QMS) showing the gas 
compositions of individual fluid inclusions trapped in barite from the Purple 
Vein deposit. 
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Figure 6.3b Ternary HzO·COz ·CnHm diagram showing the gas 
compositions of individual fluid inclusions representative of pre-ore, ore-
stage, and post-ore hydrothermal fluids, Jerritt Canyon district (from Landis 
and Hofstra, 1991). 
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Kuehn (1989) described a Late Gold Ore Stage at the Carlin deposit that was 
comprised of calcite, realgar, orpiment, and barite. This assemblage parallels the Late 
Gold Ore Stage at the Purple Vein and later portion of the Gold Ore Stage of the 
Post/Betze. The Ren deposit also contains stibnite occurring with abundant late pyrite 
and calcite that cement post-gold breccias (Albino, 1994). 
CHAPTER 7 
IMMISCIBILITY, PRESSURE, AND DEPTHS 
One-, two-, and three-phase C~-bearing fluid inclusions are present in both the 
Purple Vein and PosVBetze deposits. They are believed to contain fluids from the Gold 
Ore Stages and may be evidence for fluid immiscibility. The presence of both COz· and 
HzO-rich inclusions strongly suggests that the hydrothermal fluids in the two deposits 
were immiscible at some time in their history. However, the significance of this with 
regard to ore deposition hinges on whether fluid immiscibility accompanied and was 
related to mineral precipitation, or whether it occurred within sealed fractures 
undergoing necking, possibly well after mineral precipitation had ceased. As both 
processes may produce identical textures and fluid properties, the C02 content of the 
inclusions does not indicate when phase exsolution took place (Roedder, 1979, 1984). 
Fluid inclusions in the Purple Vein and PosVBetze deposits meet several criteria 
defined by Bodnaret al. (1985) to support the assumption that fluids at the Purple Vein 
and PosVBetze deposits are immiscible. The characteristics that support this assumption 
are (I) the absence of one· phase liquid only inclusions; (2) H20-rich aqueous inclusions 
show consistent liquid to vapor ratios and yield consistent homogenization temperatures; 
(3) all C~-rich inclusions are larger than the HzO-rich inclusions; and (4) some 
fractures contain only C~-rich dominant inclusions (see Figure 4.25). Because Purple 
Vein and Post/Betze inclusions meet these criteria for immiscibility, microthermometric 
data can be used to constrain pressure (Roedder and Bodnar, 1980; Bodnar eta!., 
1985). 
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Since the COz-IhO system involves a fluid containing two very different 
molecules, two very different critical points, and an intermolecular hydrated C02 
compound known as clathrate, rather complex phase relationships are created. At room 
temperature and below, liquid C02 and H20 are miscible for some H20-C~ 
compositions; at temperatures above 265°C at -2000 bars, miscibility is complete; and at 
temperatures of- 400°C and pressures > 10 kilobars immiscibility occurs again 
(Takenouchi and Kennedy, 1964). Pressure-temperature detertninations of real ore 
systems are complicated because most fluids additionally contain salt. With the addition 
of this component to the COz-H20 system, the critical solubility of C02 at a given 
temperature and pressure decreases, and the miscibility gap widens (Takenouchi and 
Kennedy, 1965). Cf4 is a common component in Carlin-type deposits (Hofstra et al., 
1987). It adds further complexity to P-V-T properties, because it is completely miscible 
with both liquid and gaseous C02. Hollister and Burruss (1976) suggested that the 
addition of Cf4 to the H20-C~ system raises the top of the solvus to higher 
temperatures, and Roedder and Bodnar (1980) note that the miscibility gap is also 
widened. Therefore, in view of the extensive liquid +vapor field in the C02-H20 ± 
NaCl ±Cf4 system (Takenouchi and Kennedy, 1965; Hollister and Burruss, 1976), it 
is clearly important to test these ore systems for the potential presence of immiscibility 
during mineralization and to understand that gases and salts may affect pressure 
determinations. 
Figure 7 .I illustrates the field of immiscibility for the H20-C~ system at 
variable pressure and variable C02 composition. Each isotherm (7 .1 a) encloses areas of 
immiscibility for that temperature. The dashed isotherm (Figure 7.1 a and 7.1 b) encloses 
an area within which a 225°C fluid is stable as two immiscible phases. At a pressure of 
1 kilobar, a fluid with XC~ between 0.10 and 0.77 would separate into immiscible 
C02· rich and H20-rich fluids. Furthermore, the COz-rich fluid would contain 0.77 
mole% C02 (Figure 7.lb, point B), and the H20-rich fluid would contain 0.10 mole% 
1 1 1 
C02 (Figure 7.1 b, point A). Inclusions trapping these two fluids would homogenize to 
vapor and liquid, respectively. 
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Figure 7.1 Pressure-X C02 diagram indicates regions of immiscibility for 
fluids at noted temperatures. The 225°C isotherm shows the compositions of the 
immiscible C02-rich and H20-rich phases in the system H20-C~ as a function 
of pressure (after Bodnar eta!., 1985). See text for explanation. 
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Pressures in the Post!Betze and Purple Vein systems may be constrained by 
minimum trapping temperatures determined from the liquid-vapor homogenization of 
HzO and HzO-COz fluid inclusions (Types 2C and 2D) that represent the H20-rich side 
of the HzO-COz solvus (for example, point A in Figure 7.1 b), and by 
microthermometric data collected from the C~·rich fluid inclusions (Types lB, 2E, and 
2F) that represent the C02· rich side of the H20-C02 solvus (for example, point B in 
Figure 7.1) (Roedder and Bodnar, 1980; Bodnar et al., 1985). In both deposits, co-
existing secondary HzO-rich (Type 2C, 2D) and COz-rich (Type 1B, 2E) inclusions 
suggest that two-phase conditions occurred during portions of the Ore Stages. 
In the Purple Vein deposit, inclusions containing C02 (L-V) homogenized to 
liquid over a temperature range of 19.5° to 25.4°C indicating a C02 fluid density of 0.70 
to 0.78 gm/cm3 (Figure 7.2a). Data for COzliquid-vapor homogenization are sparse in 
the Post!Betze deposit. Two secondary COz-rich (Type 1B) inclusions homogenized to 
liquid at 10.6°C and 20°C and indicate fluid densities of 0.86 gm/cm3 and 0.77 gm/cm3, 
respectively (Figure 7.2b). The liquid-vapor homogenization temperatures and 
calculated C~ fluid densities may be interpreted using a Redlich-Kwong (1949) 
equation of state P == RT 2 a ..ff modified for the HzO-COz system by V -b (V +bV) T 
Connolly and Bodnar (1983). This equation relates fluid temperature and density to 
pressure and permits minimum pressure estimates for mineralization to be calculated. 
For the calculations described, X C02 was held at a constant 77 mole%. This value was 
chosen because it is approximately the composition of the C~·rich fluid that forms 
when the HzO·C~ fluids separate at 225°C over a wide range of pressure (Figure 
7.lb). It is also a reasonable value for COz·rich inclusions in both deposits. 
Furthermore, results are not sensitive to this value. 
With C~ densities of 0.70 to 0.78 gm/cm3 and liquid-vapor homogenization 
temperatures for H20-rich inclusions of 200° to 225°C (Figure 4.35), the equation 
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Figure 7.2 Density of liquid and vapor C02 from 0°C to the critical temperature 
(31 °C) (after Bodnar et al., 1985). (a) Inclusions containing liquid and vapor C02 
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in the Purple Vein orebody homogenize to liquid between 19.5°C and 25.4°C 
indicating a bulk C02 density of0.78 to 0.70 gm/cm3. (b) Inclusions containing liquid 
and vapor C02 in the Post/Betze orebody homogenize to liquid between 10.6°C and· 
20°C indicating a bulk C02 density of 0. 86 to 0. 77 gm/cm3• 
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(Connolly and Bodnar, 1983) predicts pressures of 800 to 1150 bars (Table 8a) for 
Purple Vein. Using data from Post/Betze COz-rich inclusions (0.86 gm/cm3 and 0.77 
gm/cm3) in conjunction with liquid-vapor homogenization temperatures for H2Q.rich 
inclusions (150° to 180°C and 200° to 210°C) (Figure 5.19), the equation of state 
predicts pressure ranges from 750 to 1235 bars and 1000 to 1425 bars, respectively 
(Tables Sb and 8c ). 
Figure 7.3 illustrates phase relations and homogenization temperatures for 
immiscible C02 phases in HzO-COz fluid inclusions trapped at pressures up to 2000 
bars and temperatures up to 370°C. Dashed lines show isotherms in degrees centigrade 
of the C02 L-V homogenization temperatures in HzO-rich inclusions, and solid lines 
show isotherms for the COz homogenization temperatures in the COz-rich inclusions. 
The critical isotherm for C02 is at 31 °C and is labeled UV for both types of inclusions; 
the area between these critical isotherms is shown in gray. If an inclusion is trapped at a 
pressure above its respective critical isotherm, then the two C02 phases homogenize to 
the liquid phase. Conversely, inclusions trapped at pressures below their respective 
critical isotherm would have COz phases that homogenize to the vapor phase (Kuehn, 
1989). 
The fluid inclusions in the Purple Vein that show COz homogenization to the 
liquid C02 phase between 19.5°C and 25.4°C and correlate with HzO-rich inclusions 
that homogenize to liquid at 200° to 225°C would fall in the area labeled (a). The 
Post/Betze Type lB fluid inclusions that show COz homogenization to the liquid C02 
phase between 10.6°C and 20°C and correlate with HzO-rich inclusions that homogenize 
to liquid at 150° to 180°C and 200° to 210°C are labeled (b) and (c), respectively. As the 
homogenization temperatures are minimum trapping temperatures, indicated pressures 
are minimum pressures. 
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Table 8. Pressures predicted by a modified Redlich-Kwong equation of state for the 
HzO-COz system (Connolly and Bodnar, 1983). Purple Vein homogenization 
temperatures of the COz-rich inclusions and liquid-vapor homogenization temperature 
modes for HzO-rich inclusions of 200° to 225°C predict pressures of 800 to 1150 bars 
(Table 8a). Post/Betze homogenization temperatures of the COz-rich inclusions and 
liquid-vapor homogenization temperature modes for HzO-rich inclusions of 150° to 
180°C (Table 8b) and of 200° to 210°C (Table 8c) predict pressures of750 to 1235 bars 
and 1000 to 1425 bars, respectively. 
a. predicting pressure for temperatures ranging from 200° to 225°C - Purple Vein 
T = 200°C p C02 = .71 Th = 25.4.0°C P = 800 
T = 200°C p C02 = .78 Th = 19.5°C P = 1025 
T = 225°C p C02 = .71 Th = 25.4°C P = 900 
T = 225°C p C02 = .78 Th = 19.5°C P = 1150 
b. predicting pressure for temperatures ranging from 150° to I80°C- Post/Betze 
T = 150°C p C02 = .78 Th = 20.0°C P = 750 
T = 150°C p C02 = .86 Th = 10.6°C P = 1040 
T = 180°C p C02 = .78 Th = 20.0°C P = 900 
T = 180°C p C02 = .88 Th = I0.6°C P = 1235 
c. predicting pressure for temperatures ranging from 150° to 180°C - Post/Betze 
T = 200°C p C02 = .78 Th = 20.0°C P = 1000 
T= 200°C 
T = 210°C 
T=210°C 
p C02 = .86 Th = 10.6°C P = 1365 
p C02 = .78 Th = 20.0°C P = 1055 
p C02 = .86 Th = 10.6°C P = 1425 
T = homogenization temperature P = pressure in bars p COz = density of bulk C02 in 
gm/cm3 Th =temperature of COz (L-V) homogenization to liquid. 
2000 
- - H20-rich phase 
ONE PHASE 
FIELD 
500 
0~----~----_.------~----~~ 
150 200 250 300 350 
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Figure 7.3 (Bodnar, 1994, personal comm.) illustrates phase relations and 
homogenization temperatures for immiscible COz-phases in H20-C02 fluid inclusions 
trapped at pressures up to 2000 bars and temperatures up to 370°C. Effects of dissolved 
NaCl and other components are not included in this diagram. Data for COz-H20 are 
from Takenouchi and Kennedy (1964). 
Area (a) represents the Purple Vein deposit and encompasses pressure-temperature 
conditions where the COzliquid and vapor phases homogenize to the liquid phase 
between 19SC and 25.4°C and correlative H20-rich inclusions homogenize to liquid at 
200° to 225°C. 
Areas (b) and (c) represent the Post!Betze deposit and encompass pressure-temperature 
conditions where the C02-liquid and vapor phases homogenize to the liquid phase 
between 10.6°C and 20oC and correlative H20-rich inclusions homogenize at (b) 150° to 
1so•c and (c) 200• to 21 ooc. 
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Pressures may be translated to depths with the equation: P = pgh in which P = 
pressure, p =density, g =acceleration due to gravity, and h =height. For the Purple 
Vein deposit, assuming 100% lithostatic conditions and 800 to 1150 bars (Table 8a), p 
= 2.7 g/cm3, and g = -9.8 Newtons/kg, depths of 3.0 to 4.3 kilometers are indicated. 
For the Post/Betze deposit, assuming pressure of 750 to 1235 bars and 1000 to 1425 
bars (Tables 8b and 8c), depths of 2.8 to 4.7 kilometers and 3.8 to 5.4 kilometers are 
indicated. These calculations are based on assumptions of 100 % lithostatic conditions 
and the presence of immiscible C02-H20 ore fluids. If conditions were partially or 
entirely hydrostatic, depths would have been greater. Thus, these figures represent 
minimum depths. 
CHAPTER 8 
CONCLUSION 
The parageneses of the Purple Vein and Post/Betze deposits were divided into 
three stages. (1) The Early Mineralization Stage contains quartz, pyrobitumen, barite, 
sphalerite, sulfosalts, quartz, and pyrite in the Purple Vein deposit and consists of calcite 
in the Post/Betze deposit. High salinity basinal brines, > 10 wt.% NaCl equivalent, 
were present. (2) The Gold Ore Stages consist of quartz, pyrite, and marcasite that 
precipitated from fluids with salinities of$ 10 wt.% NaCl equivalent and minimum 
trapping temperature modes of 220" to 225°C in the Purple Vein deposit and 150° to 
180°C and 200° to 210°C in the Post/Betze deposit. Fluids were probably C02-bearing 
and immiscible. Basinal brines may still have been present at the time of gold deposition 
and the potential for mixing with the ore-bearing fluids was possible. Gold is present in 
rims of As-rich, fine-grained pyrite on earlier pyrite. Other minerals in the Gold Ore 
Stage in the Post/Betze deposit are arsenopyrite, stibnite, micas, and clays. Stibnite, 
calcite, and barite appear late in both Gold Ore Stages. (3) The Post-Ore Stages are 
sparsely represented by minor oxides. 
When compared to other Carlin-type deposits, similar parageneses are apparent. 
Variations may be due to only a portion of the ore bodies having been studied, to the 
structural and stratigraphic history of each deposit, or to minor differences in fluid 
conditions. 
This study demonstrated that the Purple Vein and Post/Betze orebodies 
originated at minimum depths of 2.8 and 3.0 kilometers and formed deeper than the 
shallow roots of epithermal systems. The Purple Vein deposit may have formed at 
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similar temperatures, but lower pressures, or at similar pressures, but higher 
temperatures than the Post/Betze deposit (Figure 7 .3). Microthermometric and 
petrographic data indicate that both deposits have similar mineral and fluid 
characteristics. 
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The data derived from this study support the recently proposed deep-seated 
genetic model for sediment-hosted disseminated gold deposits (Kuehn, 1989). It 
suggests that gold was transported by low salinity, C{)z-bearing immiscible fluids, and 
that two or more fluids were possibly present. HzO-C02 immiscibility occurred and 
may have caused gold precipitation. Continued refinement of the model for these very 
important gold systems will aid in future exploration in the United States and abroad. 
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APPENDIX! 
PURPLE VEIN DEPOSIT 
HAND SAMPLE AND TIIIN SECTION LOO 
CORE HOLE EX-53C 
1218.8'-1238' Porphyritic monzonite, light gray, minor biotite (1 %), quartz 
phenocrysts, plagioclase phenocrysts altered to "sericite," moderately silicified matrix, 
minor disseminated pyrite (1-5 %), strongly sheared and brecciated with fault gouge at 
1220'-1221' and at base of dike. 
1238'-1281' Argillite, black, carbonaceous, thinly bedded, fractures (1mm) and small 
vugs filled with quartz and yellow sphalerite, diagenetic pyrite (<1 %) on bedding 
planes, graphite on fractures, minor barite and drusy quartz as open space fllling. 
1281'-1313' Argillite, black, carbonaceous, thinly bedded, fractures (lmm) and small 
vugs are filled with silica and yellow sphalerite, these fractures cut minor diagenetic 
pyrite (<1 %) that is on bedding planes, minor bedding preserved, moderate to strongly 
silicified, minor brecciation, clasts subangular to angular, ~ 5 em, clast-supported, 
matrix (10%) is of quartz and disseminated pyrite, late fractures are filled with quartz 
and barite. 
1313'-1396' Breccia, black, heterolithic, clasts are angular to rounded,~ 5 em, 
argillite, fossiliferous debris flow, barite, sphalerite, and porphyritic monzonite, amber 
sphalerite, yellow sphalerite and pyrite are secondary in fractures, the clasts decrease in 
number and the amount of matrix increases downhole, matrix-supported (50-70% ), 
matrix is of quartz and disseminated pyrite, late fractures and vugs are filled with 
euhedral quartz, calcite, barite, and brassy pyrite, very minor leaching. 
- 1384'-1386' Rock is intensely fractured, and fractures are filled with calcite. 
1396'-1422' Breccia, medium gray, vuggy/leached- ribs of silica remain, cannot 
distinguish clasts, possibly barite and/or limestone, matrix-supported (60-80%), matrix 
is of quartz and disseminated pyrite, matrix replaces barite along cleavage planes and 
fractures, brassy pyrite and calcite fill vugs. 
1422'-1428' Breccia, medium gray, clasts are subrounded to subangular, up to 1 em, 
silicified dolomite/limestone and/or barite, intensely silicified and pyritized, one foot of 
"cave fill?", with varves, matrix-supported (90%), matrix is of quartz and disseminated 
pyrite, later quartz veinlet contains free gold, minor leaching, calcite fills vugs and late 
fractures. 
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- 1424' free gold in cave fill or open space filling. 
1428'-1527' Breccia, dark gray, heterolithic, clasts are subrounded to subangular, -1 
em,::; 4 em, porphyritic monzonite, fossiliferous debris flow, argillite, barite, amber 
sphalerite, silicified limestone and/or dolomite, intensely pyritized and silicified, some 
clasts are more pyritized than others, stylolites of pyrite and sphalerite (1487), quartz 
replacing barite, matrix-supported (60-80%), matrix is of disseminated pyrite and 
quartz, calcite fills late fractures. 
- 1440' and 1445' minor leaching. 
- 1471'-1473' and 1484'-1489' intensely fractured, fractures filled with calcite. 
- 1501' free gold, wispy odd shaped pyrite"clasts" and inclusions, yellow staining 
thought to be an antimony oxide. 
1527'-1661' Porphyritic monzonite dike, light green-gray, fine-grained ground mass, 
feldspar phenocrysts, minor disseminate pyrite, silicified, fractures ( -1 mrn) ftlled with 
silica and disseminated pyrite, late, large fractures ( 1 em+) filled with calcite. 
Breccia, dark gray, heterolithic, clasts of porphyritic monzonite, argillite, barite, 
silicified limestone and/or dolomite, extensive amber sphalerite, and pyrite, matrix-
supported (50-60% ), matrix of quartz and disseminated pyrite, moderate leaching, 
fractures fllled with stibnite, calcite, barite, brassy pyrite, and euhedral quartz, yellow 
staining is antimony oxide. 
- 1560'-1661' fracmres occur at dike/matrix contact from refracturing and/or collapse 
brecciation under dike, clasts are of porphyritic monzonite (up to 10 em, subangular to 
angular) and clasts (-1 em) of breccia and of quartz and pyrite matrix set in matrix of 
quartz and pyrite, then refractured, breccia matrix to monzonite clast 50-50, late 
fractures are filled with calcite. 
- 1589'-1590' One foot leaching of barite 
1661'-1766' Breccia, dark gray, heterolithic, clasts are subrounded to angular, -1-2 
em,::; 5 em of monzonite porphyry, barite with stylolites and yellow sphalerite, silicified 
limestone and/or dolomite, some clasts more pyritized than others, some clasts contain 
varves from thin bedding, cave fill, or open-space ftlling, bright pyrite surrounds the 
clasts, stylolites of pyrite, matrix supported 50%, matrix of disseminated pyrite and 
silica, moderate leaching, calcite fills large, late fractures. 
1766'-1793' Breccia, dark gray with brown, yellow, and red staining, heterolithic, 
oxidized, clasts of barite, silicified limestone and/or dolomite, argillite, porphyritic 
monzonite porphyry, fossiliferous debris flow and argillite, stylolites of pyrite, matrix-
supported (50-70% ), matrix of disseminated pyrite and silica, moderate leaching of 
barite and calcite, calcite and brassy pyrite fill fractures and leached areas. 
1793'-1797' Breccia, clasts of porphyritic monzonite (70% ), pale green gray, 
subangular to rounded, ::; 5 em, others clasts are dolomite/limestone and/or barite, minor 
fracmres in clasts, healed with quartz, matrix-supported (50-70%), matrix is quartz and 
disseminated pyrite. 
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1797'-1808' Breccia, argillite, porphyritic monzonite, and remnant barite (subangular, 
-3 ern) with minor yellow sphalerite and pyrite in a matrix (10%) of quartz and 
disseminated pyrite, matrix replaces barite along cleavage planes and fractures, 
horizontal orientation to fragments. 
1808'-1812' Breccia, clasts of quartz monzonite and barite with minor yellow sphalerite 
and pyrite, iron oxide staining, pyrite stylolites, horizontal orientation to fragments, 
clast-supported (90%), matrix (10%) of quartz and disseminated pyrite, calcite, euhedral 
quartz, stibnite, and brassy pyrite on fractures. 
1812'-1872' Breccia, clasts are sub-angular to subrounded, 1-2 ern, of porphyritic 
monzonite and barite with yellow sphalerite, stylolites (streamers) are of pyrite and 
sphalerite, horizontal orientation to fragments, matrix-supported (50-70% ), matrix of 
quartz and disseminated pyrite, calcite fills late fractures. 
APPENDIX II 
PURPLE VEIN DEPOSIT 
FLUID INCLUSION DATA 
CORE HOLE EX-53C 
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Appendix ll: Purple Vein Fluid Inclusion Data 
Chip# F.l.# Tm C02Th C02Tmc Salinity Th Occurence 
(oC) (OC) NaCiwt.% (oC) 
----
1775-2-c I -0.8 1.40 203 quartz rep barite 
2 -2.4 4.03 214 
3 -2.4 4.03 213 
4 -3.2 5.26 216 
5 -3.2 5.26 215 
6 4.2 6.74 216 
7 -2.9 4.80 214 
8 -3.6 5.86 218 
9 -3.0 4.96 216 
10 246 
II -0.5 0.88 
12 0.50 
13 0.0 0.00 
14 0.0 0.00 
15 !54 
16 -2.0 3.39 227 
17 0.0 0.00 215 
18 0.0 0.00 216 
19 -22 3.71 203 
20 -2.1 3.55 190 
21 160 
22 -2.1 3.55 241 
23 -1.9 3.23 177 
24 -2.3 3.87 181 
1775-2-b 25 -0.3 0.53 218 
26 -0.3 0.53 216 
27 -0.3 0.53 214 -w 
-
Appendix II (cont.): Purple Vein Fluid lnclnsion Data 
Chip# F.I.# Tm C02Th C02Tmc 
28 -4.1 
29 -2.2 
30 -3.6 
31 -2.8 
32 -2.8 
33 -3.8 
34 -2.5 
35 -2.5 
1775-2-d 36 -2.5 
37 -3.4 
38 -2.1 
39 -2.8 
40 -2.8 
41 -2.8 
42 -1.4 
43 -2.0 
44 -0.5 
45 -3.0 
46 -3.1 
47 -2.0 
1527-a 48 -1.9 
49 -1.9 
50 0.0 
51 -2.3 
1527-b 52 -105 
53 -1.8 
54 -13.9 
55 -2.0 
Salinity Th 
6.59 
3.71 215 
5.86 
4.65 223 
4.65 
6.16 2II 
4.18 216 
4.18 2II 
4.18 
5.56 
3.55 
4.65 
4.65 
4.65 
2.41 
3.39 
0.88 
4.96 
5.11 
3.39 
3.23 287 
3.23 191 
0.00 168 
3.87 205 
14.46 314 
3.06 313 
17.70 
3.39 257 
Occurence 
- ---
barite 
quartz rep barite 
Qtz phenocrysts 
-w 
tv 
Appendix ll (cont.): Purple Vein Fluid Inclusion Data 
Chip# FJ.# Tm C02Tb 
56 -1.3 
57 -1.9 
58 -2.7 
59 -2.2 
60 -2.5 
61 -3.6 
62 -2.5 
63 -3.8 
63 -2.6 
65 -2.4 
66 -2.3 
67 -1.3 
68 -2.0 
69 -2.1 
70 -2.1 
71 -3.2 
72 -2.7 
73 -2.7 
74 -2.8 
75 -3.2 
76 -2.7 
77 -2.7 
78 -2.2 
1527-c 79 -2.5 
80 -2.5 
81 -2.1 
82 -1.5 
83 -2.1 
---- ------
C02Tmc Salinity 
2.24 
3.23 
4.49 
3.71 
4.18 
5.86 
4.18 
6.16 
4.34 
4.03 
3.87 
2.24 
3.39 
3.55 
3.55 
5.26 
4.49 
4.49 
4.65 
5.26 
4.49 
4.49 
3.71 
4.18 
4.18 
3.55 
2.57 
3.55 
Tb 
361 
266 
279 
198 
157 
213 
192 
214 
217 
209 
157 
230 
196 
232 
165 
184 
208 
204 
222 
230 
216 
203 
214 
209 
204 
Occurence 
...... 
w 
w 
Appendix II (cont.): Purple Vein Fluid Inclusion Data 
Chip# F.I.# Tm C02Th C02Tmc 
84 -2.5 
85 -1.6 
86 -2.9 
87 -2.7 
88 -2.5 
89 -2.7 
90 -1.6 
91 -2.6 
92 -2.5 
93 -2.1 
94 -2.9 
95 -2.7 
96 -3.6 
97 -3.4 
98 -2.5 
99 -2.9 
100 -3.4 
101 -3.8 
102 -3.8 
103 -1.5 
104 -3.3 
105 -3.4 
106 -3.3 
107 -3.0 
108 -2.8 
109 -3.3 
110 -3.1 
Ill -2.4 
Salinity 
4.18 
2.74 
4.80 
4.49 
4.18 
4.49 
2.74 
4.34 
4.18 
3.55 
4.80 
4.49 
5.86 
5.56 
4.18 
4.80 
5.56 
6.16 
6.16 
2.57 
5.41 
5.56 
5.41 
4.96 
4.65 
5.41 
5.11 
4.03 
Th 
180 
236 
211 
184 
208 
204 
200 
216 
170 
205 
207 
208 
209 
214 
187 
318 
208 
187 
230 
208 
210 
210 
169 
187 
Occurence 
-!.;) 
.j::. 
Appendix II (cont.): Purple Vein Fluid Inclusion Data 
Chip# F.I.# Tm C02Th 
112 -2.6 
113 -2.6 
114 -2.4 
115 -3.1 
116 -2.0 
117 -1.9 
118 -2.2 
119 -1.9 
120 -2.3 
121 -2.7 
122 -2.8 
123 -3.0 
124 -2.6 
125 -3.0 
126 -2.6 
127 -2.6 
128 -2.5 
129 -1.7 
130 -1.7 
131 -12 
132 -1.7 
133 -1.8 
134 -2.2 
135 -2.0 
136 -2.0 
137 -2.8 
138 -2.5 
139 -U 
-~ 
C02Tmc Salinity 
4.34 
4.34 
4.03 
5.11 
3.39 
3.23 
3.71 
3.23 
3.87 
4.49 
4.65 
4.96 
4.34 
4.96 
. 
4.34 
4.34 
4.18 
2.90 
2.90 
2.07 
2.90 
3.06 
3.71 
3.39 
3.39 
4.65 
4.18 
1.91 
Th 
168 
200 
187 
240 
200 
180 
202 
201 
175 
214 
221 
211 
221 
221 
221 
221 
221 
216 
200 
222 
197 
207 
200 
201 
218 
206 
Occurence 
-...., 
V1 
Appendix II (cont.}: Purple Vein Fluid Inclusion Data 
Chip# FJ.# Tm C02Th C02Tmc 
140 -2.2 
-
141 -l.l 
1525-a 142 -2.3 
143 -2.3 
144 -2.3 
145 -2.3 
146 -2.4 
147 -2.4 
148 -2.3 
149 
150 
1525-b 151 -3.4 
1525-c 152 -2.3 
153 -2.3 
154 -2.1 
155 -2.4 
156 -2.4 
157 -2.5 
158 -1.9 
159 -1.9 
1525-d 160 -1.9 
161 -1.9 
162 -3.0 
163 -3.0 
164 -3.2 
165 -3.4 
166 -6.5 
1525-e 167 -3.4 
--- -
Salinity Th 
3.71 214 
1.91 185 
3.87 221 
3.87 239 
3.87 206 
3.87 201 
4.03 218 
4.03 205 
3.87 252 
243 
224 
5.56 227 
3.87 199 
3.87 204 
3.55 225 
4.03 222 
4.03 210 
4.18 173 
3.23 199 
3.23 174 
3.23 175 
3.23 151 
4.96 179 
4.96 189 
5.26 201 
5.56 208 
9.86 157 
5.56 208 
Occurence 
_9_Uar1Z 
_9_uar1Z rep carb 
.s£!lalerite 
_g_uar1Z 
_sp_halerite 
- ~ 
-~--£lear quarlZ ..... 
<..> 
0\ 
Appendix II (conl): Purple Vein Fluid Inclusion Data 
Chip# FJ.# Tm C02Th 
168 -5.9 
169 -5.9 
170 -5.9 
171 -6.6 
1446-6 172 -0.6 
173 -1.4 
174 -1.5 
175 0.0 
176 -0.6 
177 -0.9 
178 0.0 
179 -1.5 
180 -1.5 
181 -1.4 
182 -0.6 
183 -2.4 
184 -1.2 
185 -2.5 
186 -3.7 
187 -2.5 
188 -0.7 
1525-f 189 -2.8 
190 -2.7 
1525-g 191 -4.3 
192 -4.3 
193 -4.3 
194 -3.4 
195 -4.3 
C02Tmc Salinity Th 
9.08 215 
9.08 218 
9.08 213 
9.98 
1.05 
2.41 
2.57 
0.00 
1.05 
1.57 
0.00 
2.57 
2.57 
2.41 
1.05 
4.03 
2.07 
4.18 
6.01 
4.18 
1.22 
4.65 212 
4.49 
6.88 265 
6.88 272 
6.88 230 
5.56 
6.88 270 
Occnrence 
SPhalerite 
barite 
quartz rep carb 
-w 
-...] 
Appendix II (cont.): Purple Vein Fluid Inclusion Data 
Chip# F.l.# Tm C02Th 
196 ·3.4 
197 -2.3 
198 -2.9 
199 -2.3 
200 -2.3 
201 -2.7 
1525-b 202 -1.9 
203 -0.6 
204 -0.7 
205 -0.2 
206 -0.2 
207 -0.2 
208 -0.1 
209 -1.5 
210 -4.3 
211 -5.9 
1360-a 212 -2.3 
213 -1.3 
214 -1.3 
215 -1.5 
216 -1.9 
217 -3.4 
218 -7.3 
219 -3.2 
220 -2.3 
221 -1.3 
1872-a 222 -3.2 
223 -11.2 
224 -1.9 
~~ 
C02Tmc Salinity 
5.56 
3.87 
4.80 
3.87 
3.87 
4.49 
3.23 
1.05 
1.22 
0.35 
0.35 
0.35 
0.18 
2.57 
6.88 
9.08 
3.87 
2.24 
2.24 
2.57 
3.23 
5.56 
10.86 
5.26 
3.87 
2.24 
5.26 
15.17 
3.23 
Th 
202 
202 
275 
185 
240 
220 
227 
225 
215 
310 
240 
215 
209 
235 
224 
228 
240 
220 
Occurence 
clear quartz 
quartz rep carb 
clear quartz 
quartz rep carb ' 
quartz rep barite 
Quartz rep carb 
..... 
w 
00 
Appendix II (cont.): Purple Vein Fluid Inclusion Data 
Chip# F.I.# I Tm C02Th C02Tmc 
225 I -11.0 
I --- --1872-b 226 -0.6 
1699-a 227 -2.7 
228 -2.8 
229 -2.2 
230 -2.2 
231 -2.6 
232 -3.4 
233 -3.1 
234 -l.l 
235 -1.3 
236 -0.4 
237 -2.2 
238 -15.1 
239 -16.9 
240 -7.6 
241 -7.6 
242 -13.6 
243 -16.8 
244 -14.8 
245 -13.8 
246 -14.1 
247 -13.7 
248 -13.6 
249 -17.8 
250 -13.0 
251 -13.7 
252 -13.3 
Salinity 
14.97 
1.05 
4.49 
4.65 
3.71 
3.71 
4.34 
5.56 
5.11 
1.91 
2.24 
0.70 
3.71 
18.72 
20.15 
11.22 
11.22 
17.43 
20.07 
18.47 
17.61 
17.87 
17.52 
17.43 
20.82 
16.89 
17.52 
17.17 
Th 
243 
200 
207 
204 
204 
205 
207 
218 
211 
214 
205 
207 
227 
225 
222 
230 
230 
230 
277 
232 
235 
235 
235 
235 
249 
Occurence 
barite 
qtzrep ba 
_<iuartz 
....<J.uar!Z r~ carb 
-<...> 
\0 
Appendix II (cont.): Purple Vein Fluid Inclusion Data 
Chip# F.l.# Tm C02Th C02Tmc 
253 -8.7 
254 12.4 
255 -12.8 
256 -12.8 
1699-b 257 -2.6 
258 -2.2 
259 -1.8 
260 7.70 
261 -1.7 
262 
263 -0.8 
264 ·2.9 
265 -3.1 
266 -3.1 
267 -3.5 
268 -3.1 
269 -2.2 
270 -3.2 
271 -43 
272 -2.4 
273 ·2.4 
274 -2.4 
275 -3.4 
276 -2.1 
277 -4.3 
278 -1.8 
279 -2.3 
280 -1.2 
------------
Salinity 
12.51 
16.34 
16.71 
16.71 
4.34 
3.71 
3.06 
2.90 
1.40 
4.80 
5.11 
5.11 
5.71 
5.11 
3.71 
5.26 
6.88 
4.03 
4.03 
4.03 
5.56 
3.55 
6.88 
3.06 
3.87 
2.07 
Th 
235 
205 
204 
214 
214 
222 
221 
220 
215 
225 
214 
220 
209 
215 
211 
222 
Occurence 
clear quartz 
..... 
.p. 
0 
Appendix II (cont.): Purple Vein Fluid Inclusion Data . 
Cbip# F.l.# Tm C02Tb C02Tmc Salinity Th Occurence 
281 -15.0 18.63 quartz rep carb 
--- ---~-· -- - ---- - ------- - -----~--
282 -3.0 4.96 clear quartz 
283 -3.0 4.96 
284 -3.4 5.56 
1476-a 285 -5.9 9.08 quartz rep carb 
286 -3.4 5.56 
287 -5.6 8.68 
288 -4.6 7.31 
289 -4.3 6.88 
290 -4.0 6.45 
291 -4.3 6.88 
292 -4.3 6.88 
293 -0.6 1.05 barite 
294 -1.3 2.24 
295 -1.5 2.57 
296 -0.6 1.05 i 
297 -0.6 1.05 I 
1476-c 298 -0.5 0.88 quartz rep carb/ba~ 
299 -5.8 8.95 
300 -5.6 8.68 
301 -4.6 7.31 
302 6.40 
303 6.40 
304 -10.0 13.94 
305 -6.4 9.73 quartz rep carb 
306 -15.5 19.05 
307 -0.4 2.50 0.70 
308 2.90 
...... 
309 8.30 barite .j>. 
...... 
Appendix II (cont.): Purple Vein Fluid Inclusion Data 
Chip# F.l.# Tm C02Th 
310 -2.1 
3Jl -2.1 
312 -5.0 
313 -7.0 
314 -7.0 
315 -2.9 
316 -5.2 
317 -1.3 
318 -1.4 
319 -3.0 
320 -3.5 
321 
322 -5.0 
323 
1476-e 324 -1.0 
325 -2.6 
326 -3.2 
327 -4.0 
328 -4.0 
329 -4.0 
330 -3.3 
1446 331 -0.4 
332 
333 
334 -1.2 
335 -1.2 
336 -1.6 
337 
-----
C02Tmc Salinity 
7.00 3.55 
7.00 3.55 
7.00 7.86 
10.49 
10.49 
4.80 
8.14 
2.24 
2.41 
4.96 
5.71 
7.40 10.98 
7.86 
7.50 
1.74 
4.34 
5.26 
6.45 
6.45 
6.45 
5.41 
0.70 
2.5 
0.3 
2.07 
2.07 
2.74 
3.4 
Th 
- -------
Occurence 
-----
..... 
-1>-
N 
Appendix II (cont.): Purple Vein Fluid Inclusion Data 
Chip# F.l.# Tm C02Th 
338 -1.4 
339 -1.3 
340 -0.7 
341 -1.1 
342 -0.3 
1446-6 343 
344 
345 
346 
1446 347 -1.8 
348 -1.9 
349 
350 -1.3 
351 -0.8 
352 -0.4 
353 
354 
355 -6.9 
356 -4.4 
357 
1423 358 0.0 
359 0.0 
360 0.0 
361 0.0 
362 0.0 
363 0.0 
364 0.0 
365 0.0 
366 0.0 
367 0.0 
C02Tmc Salinity 
2.41 
2.24 
1.22 
1.91 
0.53 
8.1 
2.5 
0.5 
3.4 
3.06 
3.23 
1.4 
2.24 
3.1 1.40 
0.70 
0.5 
0.5 
5.4 10.36 
7.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Tb Occurence 
3 phase 
205 QUarlz 
barite 
220 quarlz rep barite 
220 
220 
220 
220 
220 
220 
220 
220 
220 
I 
-+>-
<;> 
Appendix II (cont.): Purple Vein Fluid Inclusion Data 
Chip# F.I.# Tm C02Th C02Tmc 
368 0.0 
369 0.0 
370 0.0 
371 0.0 
372 0.0 
373 0.0 
374 0.0 
375 0.0 
376 0.0 
377 0.0 
378 0.0 
1775-4-a 379 0.0 
380 -2.4 
381 0.0 
382 -2.2 
383 -2.1 
384 -2.2 
385 0.0 
386 -1.6 
387 -0.1 
388 1.3 
389 
390 
391 
1476 392 
393 8.8 
394 2.4 
395 -2.8 
396 -2.6 
397 -2.6 
Salinity Th 
0.00 220 
0.00 220 
0.00 220 
0.00 220 
0.00 220 
0.00 220 
0.00 220 
0.00 220 
0.00 220 
0.00 220 
0.00 220 
0.00 286 
4.03 215 
0.00 223 
3.71 189 
3.55 
3.71 178 
0.00 248 
2.74 189 
0.18 165 
126 
0.00 280 
0.00 330 
0.00 207 
0.00 
4.65 210 
4.34 210 
4.34 210 
Occurence 
quartz 
clear quartz 
barite 
spah1erite 
I quartz rep barite 
I 
I 
..... 
.j:>. 
.j:>. 
Appendix II (cont.): Purple Vein Fluid Inclusion Data 
Chip# F.I.It Tm C02Th 
398 ·5.1 
~---- ---- -----
399 -5.3 
400 ·5.1 
401 -5.2 
402 -5.4 
403 -5.1 
404 -5.1 
405 -5.2 
406 -4.9 
407 -5.0 
408 -5.1 
409 -4.9 
410 -5.0 
411 -5.2 
412 -5.1 
413 -5.0 
1476 e 414 19.5 
415 -l.l 
416 -16.2 
417 -16.8 
418 -16.8 
419 -1.9 
420 
421 
422 
423 25.1 
424 25.4 
425 25.1 
L. 426 25.1 
C02Tmc Salinity 
8.00 
8.28 
8.00 
8.14 
8.41 
8.00 
8.00 
8.14 
7.73 
7.86 
8.00 
7.73 
7.86 
8.14 
8.00 
7.86 
1.90 
19.60 
20.00 
20.00 
3.23 
8.9 
8.6 
8.8 
Th 
210 
210 
210 
210 
210 
210 
200 
200 
207 
202 
200 
203 
202 
205 
207 
207 
288 
Occurence 
quartz 
sphalerite 
barite 
..... 
+>-
VI 
APPENDIX III 
PURPLE VEIN DEPOSIT 
QUADRUPOLE MASS SPECI'ROMETER ANALYSES 
BARITE SAMPLE 1446 
146 
147 
~ample Ex·53C·l446 Barite 
RESIDUAL CONTRAST TEMPERATURE H20 C02 N2 CH4 H2S S02 
0.003 3.51329 143 97.517 2.483 0 0 0 0 
0.0036 5.46998 162 81.955 14.721 3.159 0.095 0.069 0 
0.0023 1.82843 200 97.052 2.948 0 0 0 0 
0.0072 2.28473 201 95.153 4.847 0 0 0 0 
0.001 1.82184 206 92.871 7.129 0 0 0 0 
0.0022 7.68429 223 94.241 4.511 1.07 0.179 0 0 
0.0028 2.81023 228 95.096 3.06 1.519 0.326 0 0 
0.0028 3.05925 237 99.295 0.705 0 0 0 0 
0.0017 2.01533 245 94.706 3.96 1.05 0.284 0 0 
0.0075 8.45246 262 94.146 4.845 0 1.009 0 0 
0.0012 49.63462 265 97.051 2.698 0 0.041 O.D25 0 
0.0021 34.86658 269 96.419 3.581 0 0 0 0 
O.OOll 15.3849 271 97.905 2.095 0 0 0 0 
0.0047 2.4805 280 86.598 13.402 0 0 0 0 
0.0045 2.74528 281 97.061 2.939 0 0 0 0 
0.0037 32.28077 283 97.712 2.288 0 0 0 0 
0.0084 5.80023 286 96.955 3.045 0 0 0 0 
O.DI 4.77833 291 95.147 3.851 0 1.002 0 0 
0.0064 2.02228 290 85.8 14.2 0 0 0 0 
0.0084 1.94603 300 87.185 12.815 0 0 0 0 
0.0278 7.53923 302 88.143 7.163 0 4.694 0 0 
0.0038 7.00842 306 97.273 2.727 0 0 0 0 
0.0022 3.78237 307 97.845 2.155 0 0 0 0 
0.0043 11.54975 312 94.344 3.508 1.163 0.986 0 0 
0.0025 5.31827 314 97.023 2.977 0 0 0 0 
0.0035 19.43952 322 95.423 3.706 0 0.78 0 0.09 
0.0054 3.37988 323 97.787 2.213 0 0 0 0 
0.001 6.51731 330 98.308 1.692 0 0 0 0 
0.0018 32.30498 341 95.903 3.939 0 0 0.073 0.085 
0.0034 12.28814 348 94.666 5.103 0 0 0.102 0.129 
0.0029 4.21379 350 97.221 2.779 0 0 0 0 
0.0046 2.62549 357 97.384 2.616 0 0 0 0 
0.0015 9.29835 359 90.456 5.678 2.858 0.629 0.379 0 
0.0017 2.74285 362 98.027 1.973 0 0 0 0 
0.0034 9.25501 366 88.643 6.296 3.567 1.067 0.427 0 
0.0496 3.61802 381 86.969 13.031 0 0 0 0 
0.018 8.12645 390 92.205 7.795 0 0 0 0 
0.0193 8.43496 397 92.911 7.089 0 0 0 0 
0.0448 6.09195 404 88.589 11.411 0 0 0 0 
...... 
···············-··· 
0.1544 8.37384 415 79.331 20.669 0 0 0 0 
0.0142 3.55048 426 94.302 5.698 0 0 0 0 
0.0362 7.41639 432 91.967 8.033 0 0 0 0 
0.0619 3.99703 462 88.622 11.378 0 0 0 0 
0.094 5.12601 468 87.348 12.652 0 0 0 0 
0.0745 3.25674 473 85.538 14.462 0 0 0 0 
APPENDIX IV 
POST/BETZE DEPOSIT 
HAND SAMPLE AND TillN SECTION LOO 
CORE HOLE P-324 
247'-305' Argillite, black, carbonaceous, minor debris flows, comb quartz, 
chalcedony, and hematite fill late fractures (1 mm to 1 em). 
305'-336' Dolomitic silty/muddy limestone, light gray and mottled, black, calcite 
veinlets, interbedded with argillite beds. 
336'-340' Dike, hornblende diorite, dark green, thin bedded, calcite veinlets. 
340'-349' Dolomitic silty/muddy limestone, light gray and mottled, interbedded with 
argillite beds, black, calcite veinlets. 
349'-401' Micritic limestone, dark gray, and fossiliferous debris flows, light gray, 
interbedded with clasts of lower light gray limestone, early calcite veinlets, late comb 
quartz and chalcedony in fractures. 
- 371'-381' Fault gouge 
401 '-433' Limestone, light to dark gray, silty, argillized and locally silicified, pyrite. 
434'-444' Tuff, light gray, grainy appearance, arsenopyrite, pyrite. 
444'-536' Limestone, dark to light gray, silty, silicified, interbedded with clay layers, 
pyrite. 
536'-541' Latite, light green, quartz phenocrysts, silicified. 
148 
149 
541'-624' Limestone, dark gray, silicified, local areas offossiliferous debris flow and 
breccias, stibnite and pyrite. 
- 552'-575' Breccia, limestone, dark gray, clast-supported, pyrite. 
- 575'-624' Fossiliferous debris flow and sedimentary breccia, pyrite. 
24'-725' Sedimentary breccia, diagenetic pyrite in black matrix, stibnite on fractures, 
pyrite 
725' -7 40' Limestone, medium gray, fossiliferous, silicified, pyrite. 
APPENDIXV 
POST/BETZE DEPOSIT 
FLUID INCLUSION DATA 
CORE HOLE P-324C 
150 
Appendix V: Posi/Betze Fluid Inclusion Data 
Chip# Fluid Inc.# Tm C02Th C02Tmc Salini!r_ Th Occurrence 
(·oC) (OC) 
--------
(oC) wt.% NaCI ("C) 
434a I 4.3 6.9 244 qtz 
2 12 16.0 170 
3 170 
4 9.5 13.4 185 
5 9.5 206 
6 9.5 13.4 171 
7 9.4 13.3 185 
8 3.7 6.0 170 
9 3.7 6.0 170 
10 3.7 6.0 170 
11 4.2 6.7 170 
12 9.4 13.3 185 
13 5.6 8.7 175 
14 9.6 13.5 175 
15 9.6 13.5 133 
16 3.9 6.3 170 
17 6 9.2 175 
18 6 9.2 175 
19 2.1 3.5 175 
20 13 16.9 160 
21 7 10.5 160 
22 6.2 9.5 160 
23 6.2 9.5 160 
24 2.2 3.7 175 
25 6.5 9.9 175 
26 6.5 9.9 175 
-VI 
..... 
Appendix V (cont.): Post!Betze Fluid Inclusion Data 
Chip# Fluid Inc.# Tm C02Tm 
27 9.5 
28 9.5 
29 7.8 
30 8.7 
31 8.7 
32 8.7 
33 3.8 
470a 34 2.3 
35 10.3 
36 9.3 
37 14 
38 7.9 
39 3 
40 3.3 
41 14 
42 10 
43 10 
44 9 
45 14 
536a 46 1.7 
47 0 
536b 48 0 
49 0.4 
50 0.4 
51 0 
52 0.5 
53 0 
C02Tmc Salinity 
13.4 
13.4 
ll.5 
12.5 
12.5 
12.5 ! 
6.2 I 
3.9 
14.3 
13.2 
17.8 
11.6 
5.0 
5.4 
17.8 
14.0 
14.0 
12.8 
17.8 
2.9 
5.0 
5.0 
0.7 
0.7 
0.9 
Th 
198 
198 
175 
200 
240 
165 
170 
160 
170 
220 
306 
170 
238 
160 
179 
178 
245 
264 
272 
264 
264 
267 
316 
Occurrence 
calcite vein 
QIZ 
...... 
Ul 
N 
Appendix V (cont.): Post/Betze Fluid Inclusion Data 
Chip# Fluid Inc.# Tm 
54 0 
55 0 
56 2 
536c 57 3 
58 
59 0 
60 1.1 
61 0.8 
62 1.5 
63 
64 
65 2.9 
66 2.9 
67 2.9 
68 2.6 
69 2.6 
70 1.7 
71 1.7 
72 1.7 
73 2.5 
74 2.3 
75 3.3 
76 4.4 
77 4.4 
536d 78 4.2 
79 
80 
C02Th C02Tmc Salinity 
3.4 
5.0 
1.9 
1.4 
2.6 
4.8 
4.8 
4.8 
4.3 
4.3 
2.9 
2.9 
2.9 
4.2 
3.9 
5.4 
7.0 
7.0 
6.7 
8.0 
8.0 
Th 
327 
160 
110 
300 
285 
215 
170 
160 
340 
320 
369 
364 
245 
235 
235 
244 
300 
290 
140 
Occurrence 
...... 
U1 
1,.;.) 
Appendix V (cont.): Post/Betze Fluid Inclusion Data 
Chip# Fluid Inc.# Tm 
81 
82 
83 
84 2 
85 3.7 
86 
87 1.1 
88 3.5 
89 3.4 
90 1.9 
91 1.9 
536e 92 1.1 
93 1.1 
94 0 
95 1.2 
96 1.2 
97 1.4 
98 1.2 
99 2.6 
100 1.5 
101 0.6 
102 0.3 
103 
434b 104 
105 3.3 
106 5.2 
107 11.2 
-
C02Tb C02Tmc Salinity 
8.0 
8.0 
3.4 
6.0 
1.9 
5.7 
5.6 
3.2 
3.2 
1.9 
1.9 
3.5 
2.1 
2.1 
2.4 
2.1 
4.3 
2.6 
1.1 
0.5 
16.0 
5.4 
8.1 
15.2 
Th 
100 
ISO 
160 
159 
260 
155 
170 
173 
173 
347 
362 
365 
210 
127 
<kcurrence 
barite 
Qtz 
barite 
Qtz 
barite 
Qtz 
i 
..... 
u. 
.p. 
Appendix V (cont.): Post/Betze Fluid Inclusion Data 
Chip# Fluid Inc.# Tm 
108 11.2 
109 
110 
Ill 9.4 
112 9.4 
113 9.4 
114 12 
115 11 
116 11 
117 12 
118 12 
119 
120 
121 
122 0.3 
123 2.2 
124 6.4 
125 2.2 
126 3.4 
127 1.1 
128 1.1 
129 1.1 
130 1.1 
131 16.9 
132 
133 16.9 
134 
-----------·- ---- ----··-
C02Th C02Tmc Salinity 
15.2 
13.3 
13.3 
13.3 
16.0 
15.0 
15.0 
16.0 
16.0 
0.5 
3.7 
9.7 
3.7 
5.6 
1.9 
1.9 
1.9 
1.9 
20.0 
1.3 
20.0 
8.2 
Th 
!50 
127 
120 
175 
160 
227 
223 
260 
270 
135 
240 
220 
208 
208 
208 
208 
198 
150 
150 
Occurrence 
-u. 
u. 
Appendix V (cont.): Post/Betze Fluid Inclusion Data 
Chip# Fluid Inc.# Tm C02Th C02Tmc 
135 12 
136 5.1 8.0 
137 10 
138 10 
139 14 
470b 140 3.7 
141 3.7 
142 3.7 
143 3.7 
144 3.7 
145 3.7 
146 3.7 
147 3.7 
148 3.7 
149 3.7 
150 3.5 
151 3.5 
152 3.5 
153 8.7 
154 3.9 
155 3.8 
156 8.7 
157 8.7 
158 8.7 
159 8.7 
160 8.7 
161 3.7 
Salinity 
16.0 
8.0 
14.0 
14.0 
17.8 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
5.7 
5.7 
5.7 
12.5 
6.3 
6.2 
12.5 
12.5 
12.5 
12.5 
12.5 
6.0 
Th 
150 
175 
175 
180 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
160 
160 
160 
170 
170 
170 
150 
150 
170 
150 
170 
155 
Occurrence 
calcite x1 
calcite vein 
calcire xl 
i 
i 
..... 
VI 
0\ 
Appendix V (cont.): Post/Betze Fluid Inclusion Data 
Cbip# Fluid Inc.# Tm C02Th C02Tmc 
162 4.1 
163 3.7 
164 3.7 
165 3.7 
166 3.7 
167 3.7 
168 3.7 
169 3.7 
470c 170 5.2 
171 5.2 
172 3.4 
173 4.2 
174 1.8 
175 1.8 
176 2.6 
177 1.2 
178 7.2 
179 0.8 
180 1.8 
181 0.8 
182 5.2 
183 2.2 
184 5.3 
185 4 
186 4 
187 4 
188 5.1 
--------------
Salinity 
6.6 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
8.1 
8.1 
5.6 
6.7 
3.1 
3.1 
4.3 
2.1 
10.7 
1.4 
3.1 
1.4 
8.1 
3.7 
8.3 
6.4 
6.4 
6.4 
8.0 
Tb 
155 
. --
155 
155 
155 
155 
155 
155 
155 
165 
165 
168 
175 
180 
175 
168 
150 
183 
167 
150 
175 
165 
165 
165 
175 
Occurrence 
calcite vein 
! 
. 
' 
I 
-Ul 
..._) 
Appendix V (cont.): Post/Betze Fluid Inclusion Data 
Chip# Fluid Inc.# Tm C02Tb 
189 5.1 
540 190 10.2 
191 10.6 
192 
193 
194 1.6 
195 1.6 
196 1.6 
540a 197 9.1 
198 3.4 
199 2 
200 2 20 
201 2 
202 10.6 
203 10.6 
204 10.6 
205 10.6 
206 10.8 
207 10.8 
208 10.8 
209 10.8 
210 10.8 
211 10.8 
212 10.8 
213 
214 1.3 
215 
C02Tmc Salinit.r_ 
8.0 
14.1 
5.9 
4.8 
2.7 
2.7 
2.7 
13.0 
5.6 
3.4 
3.4 
3.4 
14.6 
14.6 
14.6 
14.6 
14.8 
14.8 
14.8 
14.8 
14.8 
14.8 
14.8 
2.2 
Tb 
175 
200 
200 
200 
200 
155 
155 
155 
155 
155 
155 
155 
155 
155 
155 
155 
200 
Occurrence 
qtz grain 
• 
...... 
VI 
00 
Appendix V (cont.): Post/Betze Fluid Inclusion Data 
Chip# Fluid Inc.# Tm C02Tb 
216 1.2 
217 1.2 
218 1.2 
359a 219 7.1 
220 7.1 
221 10 
222 10 
223 6.5 
224 10 
225 8 
226 8 
227 8 
228 9.1 
229 10 
230 9.9 
231 10 
232 10 
233 9.9 
234 4.2 
235 4.6 
236 4.7 
237 4.6 
238 4.7 
239 4.5 
240 4.7 
241 4.7 
242 7.9 
C02Tmc Salinity 
2.1 
2.1 
2.1 
10.6 
10.6 
14.0 
14.0 
9.9 
14.0 
11.7 
11.7 
11.7 
13.0 
14.0 
13.8 
13.9 
13.9 
13.8 
6.7 
7.3 
7.4 
7.3 
7.4 
7.2 
7.4 
7.4 
11.6 
Tb 
200 
200 
200 
153 
154 
150 
142 
161 
161 
160 
163 
158 
166 
167 
166 
167 
150 
151 
150 
152 
150 
153 
149 
150 
147 
Occurrence 
calcite 
..... 
U1 
"' 
Appendix V (cont.): Post!Betze Fluid Inclusion Data 
Chip# Fluid Inc.# Tm C02Th 
243 i 7.9 
244 0.2 
245 02 
246 0.3 
247 0.3 
248 7.6 
470c 249 3.8 
250 3.9 
251 4.1 
252 4.2 
253 3.8 
254 3.9 
255 4.1 
256 4.2 
257 4.6 
258 4.5 
259 4.6 
260 4.7 
261 4.6 
262 4.2 
263 4.2 
264 4.2 
265 4.2 
266 4.2 
267 3.8 
268 3.8 
' .. -- ~- 269 .. -L.__ 3.8 .. - L_ ___ --
C02Tmc Salinity 
11.6 
0.4 
0.4 
0.5 
0.5 
11.2 
6.2 
6.3 
6.6 
6.7 
6.2 
6.3 
6.6 
6.7 
7.3 
7.2 
7.3 
7.4 
7.3 
6.7 
6.7 
6.7 
6.7 
6.7 
6.2 
6.2 
6.2 
-- - -- --· --
Th 
148 
130 
160 
165 
194 
163 
148 
149 
151 
152 
152 
151 
149 
148 
158 
157 
159 
158 
157 
150 
150 
150 
150 
150 
150 
150 
150 
-·· 
Occurrence 
calcite x1 
- ·-- ..... 
0\ 
0 
Appendix V (cont.): Post/Betze Fluid Inclusion Data 
Chip# Fluid Inc.# Tm C02Th C02Tmc Salinity Th Occurrence 
270 3.8 6.2 150 
-- --
271 3.8 
--- ---
6.2 
--
L_ ___ 150 
--
-0\ 
-
